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ABSTRACT

Methods for sensing test stimuli using arrays of biopolymers
are provided. Libraries of biopolymers, such nucleic acid
variants, and expression products encoded by nucleic acid
variants are provided. Reusable library arrays, and methods
for their use are provided.
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Figure 5.
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BIOSENSORS, REAGENTS AND DIAGNOSTIC
APPLICATIONS OF DIRECTED EVOLUTION

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and benefit of
U.S. Provisional Applications No. 60/222,056, filed Jul. 31,
2000, and Provisional Application No. 60/244,764, filed
Oct. 31, 2000, the disclosures of each of which are incor-
porated herein in their entirety for all purposes.

FIELD OF THE INVENTION

[0002] The present invention relates to biosensors com-
prising diversified components, automated devices and sys-
tems for using arrays of diversified (e.g., shuffled) nucleic
acids, and diverse encoded products, e.g., as bar-code sys-
tems for screening libraries, identifying compounds, and the
like. The biosensors and arrays are typically provided in a
re-usable format, providing new types of general laboratory
tools. The biosensors can take any of a variety of forms,
including conformation-sensitive polymers.

BACKGROUND OF THE INVENTION

[0003] Today’s laboratory is focused in part on the dra-
matically increasing need for analytical data brought about
by the increased pace of new product development,
increased research, demands for stricter quality control, and
the like. Labs deliver data in a timely, cost-efficient way
while ensuring precise results, clear documentation, and
minimal use of skilled (and, therefore, expensive) personnel.
For example, automated systems have been proposed to
assess a variety of biological phenomena, including, e.g.,
expression levels of genes in response to selected stimuli
(Service (1998) “Microchips Arrays Put DNA on the Spot-
"Science 282:396-399), high throughput DNA genotyping
(Zhang et al. (1999) “Automated and Integrated System for
High-Throughput DNA Genotyping Directly from Blood”A-
nal. Chem. 71:1138-1145) and many others.

[0004] One general example of laboratory tools utlizes
arrays of biopolymers, such as arrays of nucleic acids or
proteins. For example, companies such as Affymetrix (c.g.,
VLSIPS® arrays; Santa Clara, Calif.), Hyseq (Mountain
View, Calif.), Research Genetics (e.g., the GeneFilters®
microarrays; Huntsville Ala)), Axon Instruments (Gene-
Pix®; Foster City, Calif.), Operon (c.g., OpArrays®,
Alameda, Calif)) and others provide many technologies for
making physical arrays of nucleic acids and other molecules.
For example, arrays have been used for Discase Manage-
ment issues, Expression Analysis, GeneChip Probe Array
Technologies, Genotyping and Polymorphism analysis,
Spotted Array Technologies and the like. For a list of
publications related to the topic of array construction and
use, see, www.affymetrix.com/resources/scientific
paperhtml  and  www.hyseq.com/company/cbibl.html.
Reviews of nucleic acid arrays include Sapolsky et al.
(1999) “High-throughput polymorphism screening and
genotyping with high-density oligonucleotide arrays.”Ge-
netic Analysis: Biomolecular Engineering 14:187-192;
Lockhart (1998) “Mutant yeast on drugs”Nature Medicine
4:1235-1236; Fodor (1997) “Genes, Chips and the Human
Genome.”FASEB Journal 11 :A879; Fodor (1997) “Mas-
sively Parallel Genomics.”Science 277: 393-395; and Chee
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et al. (1996) “Accessing Genetic Information with High-
Density DNA Arrays.”Science 274:610-614.

[0005] Examples of protein-based arrays include immuno
arrays (see, e.g., http://arrayit.com/protein-arrays/; Holt et
al. (2000) “By-passing selection: direct screening for anti-
body-antigen interactions using protein arrays.”Nucleic
Acids Research 28(15) E72-¢72), superproteins arrays (sce,
¢.g., WWw jst.go.jp/erato/project/nts P/nts P.html), yeast two
and other “n” hybrid array systems (see, e.g. Uetz et al.
(2000) “A comprehensive analysis of protein-protein inter-
actions in Saccharomyces cerevisiae” Nature 403, 623-627,
and Vidal and Legrain (1999) “Yeast forward and reverse
‘0’-hybrid  systems.”Nucleic Acids Research 27(4)
919-929); the universal protein array or “LPA” system (Ge
et al. (2000) “UPA, a universal protein array system for
quantitative detection of protein-protein, protein-DNA, pro-
tein-RNA and protein-ligand interactions.”Nucleic Acids
Research, 28(2): E3-¢3) and the like. Commercial compa-
nies such as Ciphergen (Freemont, Calif.); www.ciphergen-
.com, Beckman Coulter Inc. (Brea, Calif); and others also
provide commercial protein chip arrays.

[0006] In addition to arraying materials, laboratory sys-
tems can also perform, e.g., repetitive fluid handling opera-
tions (e.g., pipetting) for transferring material to or from
reagent storage systems that comprise arrays, such as micro-
titer trays or other chip trays, which are used as basic
container elements for a variety of automated laboratory
methods. Similarly, the systems manipulate, e.g., microtiter
trays and control a variety of environmental conditions such
as temperature, exposure to light or air, and the like.

[0007] Many such automated systems are commercially
available. For example, a variety of automated systems are
available from the Zymark Corporation (Zymark Center,
Hopkinton, Mass.), which utilize various Zymate systems
(sce also, www.zymark.com/), which typically include, ¢.g.,
robotics and fluid handling modules. Similarly, the common
ORCA® robot, which is used in a variety of laboratory
systems, e.g., for microtiter tray manipulation, is also com-
mercially available, e.g., from Beckman Coulter, Inc. (Ful-
lerton, Calif).

[0008] Although array systems are widely available, and
in use for many diverse applications, including high-
throughput applications, additional ways of constructing and
using arrays would be desirable. The present invention
provides many new array constructs, including high
throughput embodiments, e.g., using shuffling methods to
create arrays of interest. These arrays are useful as commer-
cial and laboratory tools in a variety of settings, as discussed
in detail herein.

SUMMARY OF THE INVENTION

[0009] The present invention provides novel methods for
detecting a wide range of biological, chemical and bio-
chemical stimuli. The methods of the invention utilize
biopolymers and arrayed libraries of biopolymers, members
of which are capable of binding the biological, chemical or
biochemical stimuli, and upon binding produce a detectable
signal.

[0010] In afirst aspect, the invention provides methods for
detecting a wide variety of analytes, such as small organic
molecule, an ion, a polypeptide or peptide, a gas, a dissolved
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gas (e.g., 0,), an inorganic molecule, or a metabolite. For
example, the invention provides methods for detecting an
analyte involving providing biopolymers, including nucleic
acids and proteins, such as enzymes, fluorescent proteins,
receptors, and antibodies, that undergo conformational
changes upon binding to an analyte. In some embodiments,
methods for identifying physiologic states are provided,
wherein a conformational change resulting in a detectable
signal is produced upon binding of a marker associated with
a physiological state, such as a disease.

[0011] In preferred embodiments, the analytes are non-
nucleic acid analytes, in particular small molecule analytes.
For example, the methods involve providing at least one
fusion polypeptide specific for a non-nucleic acid analyte
having a first inactive functional domain; an analyte binding
domain; and a second inactive functional domain. The
fusion polypeptides are designed or selected such that ana-
lyte binding results in a conformational change which brings
the first inactive functional domain and the second inactive
functional domain into proximity, thereby converting the
first and second inactive functional domains into an optically
detectable functional domain. For example, the first and
second inactive functional domains can be derived from
green fluorescent protein (GFP) or a GFP homologue. The
fusion polypeptide(s) is contacted with a sample, such as a
biological or environmental sample (e.g., blood, plasma,
urine, sweat, cerebrospinal fluid, tears) containing the ana-
lyte, and a signal dependent on the conformational change
induced by analyte binding is detected. In preferred embodi-
ments, the non-nucleic acid analyte is a small organic
molecule, or a metabolite.

[0012] Inother embodiments, a fusion polypeptide having
a first inactive functional domain; an analyte binding
domain; and a second inactive functional domain, that are
brought into proximity to form a functional catalytic domain
upon binding of a non-nucleic acid analyte are provided. In
this case, a substrate is provided, and upon binding of an
analyte, such as a small molecule, ¢.g., a hormone, a
metabolite, or an ion, is converted to a detectable product to
produce a signal.

[0013] In yet other embodiments, the methods involve a
polypeptide with specificity for a non-nucleic acid analyte
having an analyte binding domain and a catalytic domain
which is activated by an allosteric conformational change
induced by binding of the analyte, such as a hormone,
metabolite, ion, antigen, ligand, agonist or antagonist.

[0014] In some embodiments, the signal is an electro-
chemical signal, in other embodiments, the signal is an
optical signal detected by ultraviolet spectrophotometry,
visible light spectrophotometry, surface plasmon resonance,
calorimetry, fluorescence polarization, fluorescence quench-
ing, calorimetric quenching, fluorescence wavelength shift,
fluroescence resonance energy transfer (FRET), enzyme
inked immunosorbent assay (ELISA), liquid crystal displays
(LCD) or a charge coupled device. In certain embodiments,
binding of an analyte produces an optical signal by displac-
ing a tethered substrate, such as an analyte analogue.

[0015] In certain embodiments, a plurality of polypep-
tides, such as fusion polypeptides, enzymes that are acti-
vated by a conformational change, etc., are provided, e.g., in
a physical or logical array. In some embodiments, the
plurality of polypeptides include polypeptides with different
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analyte binding specificities. In preferred embodiments, the
plurality of polypeptides yield a common signal or read-out,
that is a signal that is detectable by a common detection
method or device, e.g., on a common detection platform.

[0016] The polypeptides, fusion polypeptides, and arrays
of such polypeptides including a plurality of polypeptides or
fusion polypeptides with identical, overlapping or different
analyte specificities can be used as biosensors, for example,
by immobilizing (e.g., using a carbon paste, a non-biological
polymer, and other immobilization methods that are well
known in the art) the polypeptide or plurality of polypep-
tides on a support, and optionally, coupling the support to a
detector system. The biosensor polypeptides can, thus, be
used to produce biosensor devices, for example hand-held or
implantable biosensor devices for detecting one or more
stimuli in a biological or environmental sample. If desired,
the devices can also include a display, such as an optical or
digital display.

[0017] Insomeembodiments, the libraries of biopolymers
are deoxyribonucleic acid (DNA) variants. In alternative
embodiments, the libraries of biopolymers are RNA or
protein expression products of the DNA variants. The librar-
ies are arrayed in a spatial or logical format to provide a
spatial or logical library array. After calibrating the array
with one or more calibrating stimulus that results in a
calibrating array pattern associated with the stimulus or
stimuli, the library array is exposed to one or a battery of test
stimuli. Upon contact with the test stimulus, a test stimulus
array pattern is produced and detected. The test stimulus
array pattern is then compared to the calibrating array
pattern enabling identification of the test stimulus. In one
general aspect, the present invention provides biosensors of
diversified materials, whether arrayed or not.

[0018] In some embodiments, the array libraries are reus-
able. Methods for making and using a re-usable array of
biopolymers involve, e.g., providing a library of biopoly-
mers, arraying the library to physical or logical format,
exposing the arrayed library with one or more first stimulus
and observing a first response or collecting a first product
resulting from contact between the array and the first stimu-
lus, then reusing the array by exposing the array to the same
or a different stimulus, and again observing the response or
collecting a product resulting from contact between the array
and the stimulus. Optionally, the first and subsequent results
or products are compared, e.g., to identify the first or
subsequent stimuli.

[0019] In some embodiments, the library is composed of,
or encoded by, recombinant nucleic acids produced by
directed evolution, e.g., nucleic acids that are recursively
recombined, e.g., shuffled. In some embodiments, the library
is composed of, or encoded by, nucleic acids which have
been mutated or recombined through artificial processes,
¢.g., shuffled. In some instances, the library is made up of
species variants of one or more nucleic acids or expression
products. Optionally, the library is produced by recursive
recombination of species variants of one or more nucleic
acids.

[0020] In some embodiments, the biopolymer library is
made up of photoactive or photoactivatable members.
Optionally, a portion of such an array is masked, and the
array exposed to light to activate some or all of the members
of the library.
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[0021] Optionally, the biopolymer library includes one or
more members that are conductive, capacitative, optically
responsive, electrically responsive, or electrically or logi-
cally gated or gateable. Examples include libraries having
members that are bio-lasers, polychromic displays, molecu-
lar posters, bar codes, protein TVs, molecular cameras, UV
molecular cameras, IR molecular cameras, and flat screen
displays.

[0022] Insome embodiments, the biopolymers of the array
include proteins. In one embodiment, the proteins are elec-
trically conductive proteins. Optionally, the proteins of the
libraries are purified. To facilitate purification, the proteins,
optionally, include purification tags such as His tags and
FLAG tags. Other epitope or purification tags are also
suitable. Optionally, the members of the library are selected,
prior to assembly into arrays, for one or more of: enhanced
stability, orientation of protein binding, improved produc-
tion, cost of manufacture, optimal activity of expressed
members which comprise a tag, overexpression mutations,
optimized protein folding, permanent enzyme secretion,
improved operators, improved ribosome binding sites, avid-
ity, selectivity, production of a detectable side product, and
detection limit.

[0023] The libraries are assembled into arrays by arrang-
ing the members of the library in a logically accessible
format or in a physically gridded format. This can be
accomplished, for example, by depositing the members of
the library in microtiter trays, e.g., by plating cells incorpo-
rating DNA variants or expressing RNAs or proteins
encoded by the DNA variants.

[0024] Alternatively, or in tandem, the positions of mem-
bers of the library are recorded in one or more database. The
arrays of the invention can be arranged for either (or both)
parallel examination or sequential examination. For
example, any of the stimuli, e.g., the first, second, test or
calibrating stimulus, can be simultaneously or sequentially
contacted to arrayed members of the biopolymer library.
Optionally, multiple stimuli, e.g., first, second, test or cali-
brating stimuli, are contacted to the arrayed members of the
biopolymer library. For example, one or more stimuli can be
contacted to library members in microtiter plates or fixed on
a solid substrate, e.g., a Nickel-NTA coated surface, a
silane-treated surface, a pegylated surface, or a treated
surface. Alternatively, one or more stimuli can be contacted
to library members fixed to an organizational matrix in
spatially addressable locations.

[0025] In other embodiments, one or more stimuli are
contacted to library members fixed on the surface of beads.
Each bead, optionally, includes more than one detectable
feature, e.g., a feature that identifies binding by a stimulus,
and a feature that identifies either the type of bead or the type
of library member bound to the bead.

[0026] In yet other embodiments, one or more stimuli are
contacted to library members by incubating a solution
containing the stimulus with one or more library members.
The solution can be, e.g., a fluid, an extract, a polymer
solution or a gel.

[0027] 1Inthe methods of the invention, a stimulus, such as
a first, second, test or calibrating stimulus, is optionally
selected from among light, radiation, atoms, ions and mol-
ecules. Such a stimuli can comprise, hybridize, act upon or
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be acted upon by one or more of: radiation (e.g., visible light
radiation, uv radiation, isotopic or non-isotopic radiation,
fluorescence, etc.), a polymer, a biopolymer, a nucleic acid,
an RNA, a DNA, a protein, a ligand, an enzyme, a chemo-
specific enzyme, a regio-specific enzyme, a stereo-specific
enzyme, a nuclease, a restriction enzyme, a restriction
enzyme which recognizes a triplet repeat, a restriction
enzyme that recognizes DNA superstructure, a restriction
enzyme with an 8 base recognition sequence, an enzyme
substrate, a regio-specific enzyme substrate, a stereo-spe-
cific enzyme substrate, a ligase, a thermostable ligase, a
polymerase, a thermostable polymerase, a lipase, a protease,
a glycosidase, a chemical moiety, a co-factor, a toxin, a
contaminant, a metal, a heavy metal, an immunogen, an
antibody, a disease marker, a cell, a tumor cell, a tissue-type,
cerebro-spinal fluid, a cytokine, a receptor, a chemical agent,
a biological agent, an airborne stimulus, an odor (e.g., a
fragrance), a pheromone, a hormone, an olfactory protein, a
metabolite, a molecular camera protein, a rod protein, a cone
protein, a light-sensitive protein, a lipid, a pegylated mate-
rial, an adhesion amplifier, a drug, a potential drug, a lead
compound, a protein allele, an oxidase, a reductase, or a
catalyst.

[0028] Contact of a stimulus, e.g., a first, a second, a test,
or a calibrating stimulus, to the array results in the produc-
tion of a corresponding array pattern, response, or product.
In some cases, contact of one of the above stimulus, or types
of stimuli, e.g., first, second, test or calibrating, produces a
signature for a sample type. Such a signature is representa-
tive, e.g., of one or more phenomena selected from: a
metabolic state of a cell, an operon induction in or by a cell,
an induction of cell growth, a proliferation in or caused by
acell, a cancer of a cell or tissue, or organism, apoptosis, cell
death, cell cycle, cell or tissue differentiation, tumorigenesis,
discase state, drug resistance, drug efficacy, antibiotic spec-
trum, drug toxicity, gas level, SO,, NO,, disease state,
physiological status, e.g., neurological status with respect to
a specified disagnosis such as Alzheimer’s disease, infec-
tion, presence of viruses, viral infection, bacterial infection,
HIV infection, AIDS, blood glucose level, ion or gas pro-
duction or internalization, serum cholesterol, CHDL level,
LDL, serum triglyceride level, cytokine receptor expression,
antibody-antigen interactions, pregnancy, fertility, fecundity,
presence or absence of narcotics or other controlled sub-
stances, cardiovascular status, ¢.g., occurrence or predispo-
sition to myocardial infarction (heart attack), congestive
heart failure, etc., presence or absence of steroids, body
temperature, presence of sound waves, taste, odor, scent,
food composition, beverage composition, and an environ-
mentally monitored condition.

[0029] Insome embodiments, one or more array pattern or
response is digitized and stored in a database in a computer.
In some embodiments, a comparison of patterns or
responses resulting from contact of stimuli, e.g., test and
calibrating stimuli or first and second stimuli, to the array is
performed by a computer. Optionally, a plurality of stimuli,
e.g., first, second, test or calibrating stimuli, are contacted to
the array to produce a plurality of resulting array patterns or
responses. Optionally, the plurality of array patterns or
responses is recorded in a database. In some cases, a bar
code is assigned to each resulting array pattern or response.
Such databases, the data sets they represent, and computers
including data sets corresponding to the array patterns
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and/or responses resulting from contacting a stimulus with
the arrays of the invention, are also a feature of the inven-
tion.

[0030] Insome embodiments, the array patterns and/or the
responses resulting from contacing the stimulus with the
array, include variations in the presence or absence of signal
at different locations on or in the array. Alternatively, the
array patterns and/or responses include variations in the
level of signal at different locations on the array. In some
cases, the array patterns and/or responses include variations
in both the presence and the intensity of signal at different
locations on the array. Optionally, the intensity of the array
pattern and/or response is measured to quantify the corre-
sponding stimulus.

[0031] In some embodiments, the array pattern or the
resulting response includes one or more fluorophore emis-
sion, photon emission, chemiluminescent emission, coupled
luminescent/fluorescent emission or quenching, or detection
of a fluorophore emission. For example, the array pattern or
response is made up of a fluorophore emission generated by
light, H,0,, glucose oxidase, NADP, NADPH*, NAD(P)H
reductase, an electorchemally detectable signal, an ampero-
metrically detectable signal, a potentiometrically detectable
signal, a signal detectable as a change in pH, a signal based
on specific ion levels, a signal based on changes in conduc-
tivity, a pizoelectric signal, a change in resonance frequency,
a signal detectable as surface accoustic waves, or a signal
detectable by quartz crystal microbalances, a reduction
potential, a protein conformational change, a intrinsic fluo-
rescence, fluorescence, luminescence, FRET, absorption,
surface plasmon resonance, antigen binding, antibody bind-
ing, enzyme activity, opening of an ion channel, or label
binding. Optionally, the array pattern or response is a
complex optical signal encompassing multiple wavelengths
of light.

[0032] Any of these array patterns or responses are option-
ally detected by a microscope, a CCD, a phototube, a
photodiode, an LCD, a scintillation counter, film, or visual
inspection.

[0033] Biopolymer arrays, such as the arrayed libraries of
nucleic acid variants and their expression products, pro-
duced by the methods of the invention are a feature of the
invention. In some embodiments, the arrays are stable under
normal storage and use conditions. For example, the arrays
can be stable for at least one year under pre-selected storage
conditions.

BRIEF DESCRIPTION OF THE FIGURES

[0034] FIG. 1 schematically illustrates a common signal
transduction platform for detecting metabolites.

[0035] FIG. 2 schematically illustrates a multi-analyte
detector.
[0036] FIG. 3 schematically illustrates an electrically

coupled biosensor.

[0037] FIG. 4 schematically illustrates an exemplary
device platform.

[0038] FIG. 5 schematically illustrates detection of an
anlayte using a tethered FRET substrate. A. shows the
coformation of a labeled analogue bound in the absence of
analyte. B. shows the conformational shift induced upon
binding of the analyte.
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[0039] FIG. 6 illustrates activity of twelve triazine hydro-
lase enzyme variants towards six different substrates.

[0040] FIG. 7 schematically illustrates the catalytic activ-
ity of xanthine oxidase toward theophylline and three related
substrates

DETAILED DISCUSSION

[0041] The development of biosensors involves the iden-
tification and optimization of biopolymers that interact in a
specific manner with one or more analytes, and then trans-
late that specific interaction into the generation of a detect-
able signal. The present invention relates to the production
of analyte specific biopolymers, as well as methods for using
these biopolymers to generate signals detectable, typically
by electrical, electrochemical, or optical means suited for
employment in sensing devices.

[0042] Biosensors of the invention are used as monofunc-
tional detectors or as multianalyte sensors. Typically, the
latter involve arrays of biopolymers that serve as biosensors.
The present invention also provides novel detection methods
for use in monofunctional and multifunctional biosensor
devices, as well as exemplary devices, which can be mul-
tifunctional or dedicated to detection of a single analyte.
Such biosensors have widespread applicability in medical
and environmental monitoring, as well as numerous other
research and commercial applications.

[0043] The present Invention provides several new
biopolymer biosensors, array formats, including biosensors,
physical and logical biopolymer arrays (including biosensor
arrays), biopolymer arrays for production or identification of
compounds, and the like. These biosensors and arrays are
useful, e.g., as sensor arrays, for such applications as meta-
bolic profiling, toxicology, drug discovery, biomarker detec-
tion, catalyst library screening, environmental monitoring,
process control, and for use as molecular computers, as well
as many other uses that will become apparent upon further
review. In another aspect, the invention provides biosensors
comprising diversified (e.g., shuffled) biopolymer compo-
nents. In addition, the invention provides detection methods
which increase opportunities for biosensor development,
and platforms and devices for employing biosensors.

[0044] Tt will be noted that while discussion of specific
aspects of the invention focuses on either single biosensor
biopolymers or on arrays of biopolymers, unless the context
indicates one or the other to be exclusive, the methods and
devices described are applicable to both single biosensor
molecules and biosensor arrays.

[0045]

[0046] A “biopolymer” is a biological macromolecule
made up of identifiable subunits. Examples of biopolymers
include: nucleic acids, e.g., DNA, RNA and known variants
thereof such as PNAs; polypeptides, including proteins
(including modified proteins such as glycoproteins, PEGy-
lated proteins, etc.); complex carbohydrates, e.g., starches;
lipids, combinations thereof, etc. A “library of biopolymers”
or “biopolymer library” is a collection of at least two,
typically more than about 10, more typically more than
about 50, often more than about 100, and frequently more
than about 500, or about 1000, or more biopolymer types.
The biopolymer libraries of the invention can include a
diverse set of related nucleic acids or nucleic acid “variants.”

Definitions
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Alternatively, the biopolymer libraries of the invention
include a diverse set of expression products, most typically,
protein (or polpeptide) variants encoded by a library of DNA
variants. In some cases, the variants are cognates, or ortho-
logues, of a nucleic acid or protein from different species,
i.e., “species variants.”

[0047] A “peptide” is a polymer of amino acid residues
comprising a length of between about 2 and 50 amino acid
residues, or of between about 2 and 20 amino acid residues,
or of between about 2 and 10 residues. A “polypeptide™ is a
polymer of amino acid residues typically comprising a
length of greater than 50 amino acid residues.

[0048] The term “member,” when referring to a library,
e.g., of biopolymers, is used to refer to a single constituent,
or component, biopolymer in the library, or, alternately,
depending on the context, to refer to a type of component at
an array location (it will be appreciated that many individual
biopolymers can be located in a region of an array which
defines an array position). As such, a member of a library
can be a DNA variant, or an RNA or protein expression
product encoded by a DNA variant, or a class of essentially
similar members in a specified array location.

[0049] “Arraying” refers to the act of organizing or
arranging members of a library, or other collection, into a
logical or physical array.

[0050] An “array” refers to a physical or logical arrange-
ment of, e.g., library members. A physical array can be any
“spatial format” or “physically gridded format” in which
physical manifestations of individual library members are
arranged in an ordered manner. For example, isolated DNA
samples corresponding to individual or pooled members of
a library can be arranged in a series of numbered rows and
columns, e.g., on a filter, membrane or series of pins or
beads. Similarly, transformed cells incorporating library
members can be plated or otherwise deposited in microtiter,
e.g., 96 well, 384 well or 1536 well, plates (or trays).

[0051] Alternatively, an array can be a logical array, ic.,
any “logical format” or “logically accessible format,” such
as a data set correlating locations of physical samples, with
accessible identification desginations, such as “spatially
addressable locations.” Most typically, data sets of this
nature are stored and accessed in a computer readable
medium and/or in a computer.

[0052] Thus, as noted herein, the arrays of the invention
can be, and often are, physical arrays, but can also be logical
arrays. A “physical array” is a set of specified elements
arranged in a specified or specifiable spatial arrangement
(e.g., as in a solid-phase or “chip” array, a microtiter
arrangement, or the like. A “logical array” is a set of
specified elements arranged in a manner which permits
access to the elements of the set. Alogical array can be, e.g.,
avirtual arrangement of the set in a computer system, or e.g.,
an arrangement of set elements produced by performing a
specified physical manipulation on one or more set element
or components of set elements. For example, a logical array
can be described in which set elements (or components that
can be combined to produce set elements) can be transported
or manipulated to produce the set. A “duplicate” or “copy”
array is an array which can be at least partially corresponded
to a parental array. In simplest form, this correspondence
takes the form of simply replicating all or part of the parental
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array, e.g., by taking an aliquot of material from each
position in the parental array and placing the aliquot in a
defined position in the duplicate array. However, any method
which results in the ability to correspond members of the
duplicate array to the parental array can be used for array
duplication, including the use of complex storage algo-
rithms, partially or purely in silico arrays, and pooling
approaches which partially combine some elements of the
parental array into single locations (physical or virtual) in
the duplicate array. The duplicate or copy array duplicates
some or all components of a parental array. For example, an
array of reaction mixtures might include nucleic acids and
translation or transcription reagents at sites in the array,
while the duplicate/copy array can also include the complete
reaction mixtures, or, alternately, can include, e.g., the
nucleic acids, without the other reaction mixture compo-
nents.

[0053] A “solid phase array” is a physical array in which
the members of the array are fixed to a solid substrate. The
fixation can be the result of any interaction that tends to
immobilize components, including chemical linking, heat
treatment, physical entrapment, encapsulating, or the like. A
“solid substrate” has a fixed organizational support matrix,
such as silica, polymeric materials, membranes, beads, pins,
glass, etc. In some embodiments, at least one surface of the
substrate is partially planar, but in others, the solid substrate
is a discrete element such as a bead which can be dispensed
into an organization matrix such as a microtiter tray. Solid
support materials include, but are not limited to, glass,
polacryloylmorpholide, silica, controlled pore glass (CPG),
polystyrene, polystyrene/latex, polyethylene, polyamide,
carboxyl modified teflon, nylon and nitrocellulose and met-
als and alloys such as gold, platinum and palladium. The
solid substrates can be biological, nonbiological, organic,
inorganic, or a combination of any of these, existing as
particles, strands, precipitates, gels, sheets, tubing, spheres,
containers, capillaries, pads, slices, films, plates, slides, etc.,
depending upon the particular application. Other suitable
solid substrate materials will be readily apparent to those of
skill in the art. Often, the surface of the solid substrate will
contain reactive groups, such as carboxyl, amino, hydroxyl,
thiol, or the like for the attachement of nucleic acids,
proteins, etc. Surfaces on the solid substrate will sometimes,
though not always, be composed of the same material as the
substrate. Thus, the surface can be composed of any of a
wide variety of materials, for example, polymers, plastics,
resins, polysaccharides, silica or silica-based materials, car-
bon, metals, inorganic glasses, membranes, or any of the
above-listed substrate materials.

[0054] A “liquid phase array” is an array in which the
members of the array are free in solution, e.g., on a micro-
titer tray, or in a series of containers (such as a set of test
tubes or other containers).

[0055] A“mediator” is an electrochemically active species
(typically, though not exclusively, a small molecule such as
ferricyanide, ferrocene and the like), which is capable of
transferring electrons between the biopolymer and the elec-
trode of the sensor.

[0056] A “metabolite,” as used herein, is a substance
involved in metabolism, being either produced during
metabolism or taken in from the environment, such as a
metabolic product, intermediate, or by-product.
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[0057] The term “calibrating stimulus” or “pattern form-
ing stimulus” refers to a known stimulus, that elicits a
measurable response upon contact with one or more mem-
bers of a biopolymer library. The response elicited from the
collective of members of an array by a calibrating stimulus
is designated a “calibrating array pattern” or a “labeling
array pattern.” A “test stimulus” is a stimulus, typically, of
an unknown composition or origin. The response elicited
upon contact of the test stimulus is designated a “test
stimulus array pattern,” and is reflective of a measurable
pattern of responses elicited by the test stimulus from
members of the library. For example, identity between a test
stimulus array pattern and a calibrating array pattern from a
single array is indicative of identity between the calibrating
stimulus and the test stimulus, i.e., the control sample and
the test sample are the same compound.

[0058] The collective responses elicited by a stimulus
from an array is termed its “signature” or “fingerprint.”

[0059]

[0060] Prior to the present invention, two factors have
prevented the development of a multi-analyte biosensor. The
first is the diversity of analyte specificities of available
natural enzymes. The second is the ability of these naturally
occurring enzymes to function on a surface amenable to
generation and detection of a signal, e.g., an electrode. Most
efforts in producing enzyme-based detectors have previ-
ously been directed towards engineering and enzyme for-
mulation solutions to these problems. For example, twenty
years of engineering efforts have been devoted to construct-
ing a glucose biosensor for diabetes patients, even though
glucose oxidase, the enzyme used in the glucose biosensor,
is fortuitously a very robust enzyme compared to most
natural enzymes.

[0061] Re-engineering costs for the creation of a com-
pletely new device for each individual enzyme are prohibi-
tive. The present invention approaches these limitations
from a biological perspective, using directed evolution, e.g.,
DNA shuffling and other procedures as described hereinbe-
low to produce a diversity of biopolymers capable of func-
tioning as sensors on a standardized signal detection plat-
form, such as the glucose oxidase sensor and platform, or
other existing formulation and engineering platforms, allow-
ing cost-effective mass manufacture of the device. While
oxidases are used in preferred embodiments of the current
invention, it will be appreciated that any of a variety of sets
of proteins can be adapted to the common signal transduc-
tion platforms, etc. herein. Naturally occurring biopolymers,
such as enzymes, antibodies, lipocalins,anticalins,and recep-
tors with the desired specificity are evolved to the desired
sensitivity and to function on the selected platform. For the
sake of brevity, the descriptions herein typically describe use
of antibodies in the current methods/devices, however, it is
to be understood that lipocalins, anticalins, and any other
group or family of protein(s) comprising specific binding
domains and/or binding areas are optionally used. Alterna-
tively, novel biopolymers with the desired characteristics,
¢.g., fusion proteins having analyte binding and signal
generation domains, are produced.

[0062] 1In one aspect, the biosensor platform suitable for
use in a hand-held dedicated or multi-analyte detection
device. The present invention provides that the device can be
remotely linked to computational facilities for data analysis.

Biosensor Platform
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For example, enzyme-based electrical signal generation can
be performed on crude biological samples without requiring
extensive sample preparation. This represents a considerable
advantage over alternative technologies, in that it obviates
the need for trained laboratory personnel.

[0063] In a multi-analyte sensor of the present invention,
although the different biosensor molecules recognize differ-
ent analytes (e.g., metabolites), the result of each biosensor-
analyte binding and signaling event is typically the same,
¢.g., a detectable flow of electrons. For example, the oxidase
shown in Table 1 all reduce oxygen to hydrogen peroxide
even though they all oxidize quite different substrates. Using
the methods described herein, a library of variants of natural
oxidases is created that can oxidize a variety of natural and
non-natural, i.e., synthetic molecules, such as small mol-
ecule drugs. Because the catalytic activity of all such oxi-
dase variants is the same, (oxidation of analyte occurs by
reduction of oxygen or a mediator), the readout is also the
same (e.g., peroxide or a reduced mediator molecule). The
mediator of choice for this process transfers electrons effi-
ciently to the electrode from the enzyme with no interfer-
ence from other electrochemically active species in the
sample fluid. Current commercial sensors suffer from inter-
ference from molecules such as ascorbic acid because the
redox potential of the mediator required for efficient inter-
action with the oxidases is similar to that of ascorbate.
Optimized oxidases created of the present invention are
tailored to efficiently interact with mediators that optimally
interact with the electrode without interference from the
sample.

[0064] Thus, a common signal transduction platform for
all metabolites is produced by arraying a set of oxidase
enzymes in a multi-analyte biosensor device that can detect
the flow of electrons from hydrogen peroxide to an electrode
as illustrated in FIG. 1. Multi-analyte detection systems of
the present invention allow metabolites from blood, saliva,
urine, sweat, cerebrospinal fluid, tears, or other bodily fluids,
and/or from industrial or environmental fluids or gas
samples to be measured in real-time, ¢.g., at a centralized
facility, at a point of care (such as a clinic or hopital), or in
the home, or field.

[0065] Tt can be clearly seen by one skilled in the art that
the common signal transduction platform of the present
invention can be readily adapted for use with any set of
proteins having a common output, such proteins include, for
example, oxidoreductases that can be evolved to oxidise or
reduce the same compound or cofactor, fluorescent proteins
whose fluorescence can be evolved to be dependent upon the
binding of a small molecule or ion, etc.

[0066] The present invention also provides a multi-analyte
detector in which different biopolymer sensing molecules
(i.c., biosensors) are created in an array, and the signal
produced by each member of the array is measured. The
identity and specificity of the biosensor that is generating the
signal, e.g., an electrical signal, will be known from its
position in the array, which will in turn give the identity and
concentration of the metabolite it detects (FIG. 2).

[0067] Multi-analyte detectors of the present invention are
particularly useful for metabolite measurement. Metabolite
measurement (metabolomics) is the least developed of the
personalized medicine diagnostic disciplines, measuring
compounds that are actually present within the body. For
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example, genomics can indicate the likelihood of a person
developing diabetes; however, measurement of glucose lev-
els in the blood are necessary to diagnose the actual disease
state. Multi-analyte metabolomic detection systems of the
present invention can be used to identify small molecule
markers for other diseases such as atherosclerosis and can-
cer, and then to assess the progression of those diseases.
Hand-held metabolite detection devices of the present inven-
tion provide patient-control of small molecule pharmaceu-
ticals; in the same way that diabetes patients can tightly
control their glucose levels with a combination of regulated
diet, glucose measurement and insulin treatment, a person
will be able to control levels of pharmaceuticals by timing
doses as a result of accurately knowing their concentrations
within his or her body and the concentrations of breakdown
or metabolized products that may or may not be toxic.
Multi-analyte metabolomic detection systems of the present
invention can thus facilitate the use of pharmaceutical agents
whose therapeutic indices are unacceptably low for admin-
istration without frequent monitoring, ic., because of a
narrow window between efficacy and toxicity.

[0068] For example, glucose oxidase is widely used for
glucose detection in electrochemical, e.g., amperometric,
biosensors. The ability to design the glucose oxidase readout
as an electrochemical signal interfaces nicely with existing
electronics. This combination of electrochemical signal and
electronics is used for quantitation of glucose leading to
better dosing regimens of insulin for diabetics and in regu-
latory circuits for feeding glucose in fermentors.

[0069] In addition to amperometric methods, numerous
other electrochemical detection systems can be employed in
the context of biosensor devices, (including biosensor
arrays, as well as single analyte biosensors) such as poten-
tiometric (e.g., pH, selective ion level measurement), and
conductive changes (i.e., changes in resistance). Such meth-
ods include the use of biosensor biopolymers, especially
polypeptides or proteins that upon binding of an anlalyte
produce an electorchemally detectable signal, an ampero-
metrically detectable signal, a potentiometrically detectable
signal, a signal detectable as a change in pH, a signal based
on specific ion levels, a signal based on changes in conduc-
tivity, a pizoelectric signal, a change in resonance frequency,
a signal detectable as surface accoustic waves, a signal
detectable by quartz crystal microbalances, or the like.

[0070] Diversification and selection procedures, e.g., shuf-
fling, as described in further detail herein, provide a gener-
alizable approach to producing biosensor devices using
electrochemical (and optical, as described hereinbelow)
detection methods. In one embodiment, enzymes with elec-
tron transport activity, e.g., oxidoreductases or cytochrome
P450s, are adapted by directed evolution procedures, e.g.,
shuffling, to serve as biosensors. Either or both of analyte
(substrate) specificity or the ability of the enzyme to func-
tion in the context of a sensing device are selectable.

[0071] The following table provides an exemplary list of
known enzymes that are artificially evolved, e.g., by shuf-
fling and other diversification and selection procedures to
detect a variety of medically and environmentally relevant
analytes.
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TABLE 1

CANDIDATE ENZYMES AND CORRELATED TARGET
ANALYTES

Enzyme Analyte

Xanthine oxidase
Cytochrome P450s

Theophyllin & breakdown products
Warfarin, Cholesterol, Pharmaceutical

Agents
Lactate oxidase Lactate
Lysine oxidase Lysine
Galactose oxidase Galactose
Cholesterol oxidase Cholesterol
Alcohol oxidase Ethanol
Pyruvate oxidase Pyruvate
GBlutamate oxidase Glutamate
Choline oxidase Choline
Bilirubin oxidase Bilirubin
Adenosine oxidase Adenosine
3-P glycerol oxidase Glycerol
Ascorbate oxidase Vitamin C, OP Pesticides
Fructose dehydrogenase Fructose
Methylamine dehydrogenase ~Methylamine
Nitrate reductase Nitrate
Polyphenol oxidase Phenol

Formaldehyde dehydrogenase Formaldehyde
Fumarate reductase Fumarate
Cellobiose dehydrogenase cellobiose lactose

[0072] Numerous other suitable enzymes are listed in
Table 5.
[0073] The present invention proveides a “chip” or hand-

held biosensor device suitable for home or point of care, ¢.g.,
for clinic or hospital use. Production of the chip or device
typically involves generation of a set of enzymes or fusion
proteins that specifically recognize various analytes (e.g.,
from a single enzyme or fusion protein in a dedicated
single-analyte device, to from 10 to about 50 fusion proteins
in a limited analyte device, to about 100, often about 500,
frequently about 1000 or even more enzymes or fusion
proteins in a multi-analyte device). The set of enzymes or
fusion proteins is then immobilized, e.g., onto a substrate or
surface of a mixing/incubation chamber on a chip. If desired,
the fusion proteins (or other biopolymers according to other
applications) can be adapted, e.g., by directed evolution
procedures including shuffling, to be compatible with con-
venient fabrication methods, e.g., screen printing and thin
film fabrication. The biosensor proteins can be formulated in
a single mixture containing immobilization matrix (e.g., a
carbon-based matrix such as carbon ink, a polymer based
matrix, which is crosslinked or not crosslinked, ar the like)
and all other necessary chemical components and directly
printed on an electrode surface. For example, after purifi-
cation of the biosensor polypeptides, e.g., using a multi-
Histidine tag (His-tag), the fusion polypeptide is added to a
composite consisting of an immobilization matrix, buffer,
necessary electrolytes, and a redox mediator. The mixture
can then be directly applied to an electrode surface and
dried. A variety of suitable electrode matrices exist, and can
be selected by one of skill in the art. For example, a
suspension in a conductive carbon ink containing buffer and
ferricyanide as a redox mediator can be used. Alternatively
the matrix base could be a cross-linked gelatin, a conductive
polymer, or a microcrystalline cellulose gel deposited on the
surface of a platinum or palladium electrode.

[0074] If desired, auxilary components, e.g., cofactors,
buffers, or other reagents can be immobilized in a separate
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detection chamber, for example, allowing for rapid replen-
ishing or replacement. Channels can be oriented connecting
the detection and mixing chambers, allowing for instanta-
neous sample preparation (e.g., by incorporating filters or
chromatography materials). In some variations, the bound
analyte serves as the substrate for catalytic production of a
product. In other variations, analyte binding induces an
active conformation of a catalytic site that acts on a sec-
ondary substrate. In the latter case, the substrate, (chosen to
be appropriate for the enzyme variant used in the biosensor
fusion) can be supplied in immobilized form in the detection
chamber, or added to the mixing/incubation or detection
chambers as required. In the event that members of the
multi-analyte array require different substrates for signal
production, it is most convenient to immobilize each sub-
strate in an assigned position, permitting deconvolution of
the signal to yield specific information regarding the bound
analyte.

[0075] To perform an assay, the chip is placed in, e.g., a
handheld device equipped with elecrodes positioned to
interface with the detection chamber. Sample is added to the
mixing/incubation chamber, and the sample is incubated
with the biosensor to permit formation of a signal, e.g.,
conversion of a substrate to a detectable product, oxidation
or reduction of a mediator, optical changes, etc. The product
is then transferred, e.g., under pressure, through a regulat-
able gate or membrane, or by diffusion, capillary action,
capillary electrophorsis, centrifugation, etc., into the detec-
tion chamber. If desired, the detection chamber is washed
with buffer, e.g., from the mixing/incubation chamber or
from a separate wash buffer entry. If necessary, additional
detection reagents are also added to the detection chamber,
and the result of analyte binding is provided as a readout of
the hand-held device, e.g., on an LCD.

[0076] Such a system provides the means for analyzing a
large variety of very different analytes on a single platform
at the same time in the form of a digital readout. The
advantage of this system is that a lot of very different
analytes can be measured in one platform at the same time
in the form of a digital readout. For example, in one
embodiment of an oxidase-based biosensor of the present
inveniton, variants are employed that can oxidize a variety
of natural and non-natural, i.e., synthetic molecules, such as
small molecule drugs. Because the catalytic activity of all
such oxidase variants is the same, (oxidation of analyte
occurs by reduction of oxygen or a mediator), the readout is
also the same (e.g., peroxide or a reduced mediator mol-
ecule).

[0077] To insure optimal performance of the multi-analyte
array, the dynamic range of the biopolymer-analyte recog-
nition event is selected to correspond to the range of analyte
concentrations found in the biological sample. In applica-
tions where protein analytes are to be assessed, the Kd of
each analyte-specific binding domain is adjusted to the range
of analyte concentrations found in the sample. This can be
accomplished by selecting enzyme variants with higher
catalytic activity for analytes that are present in lower
concentrations, and variants with lower catalytic activity for
analytes present in higher concentrations, or by evolving a
set of more than one enzyme using, for example, the
methods described herein, so that the dynamic range of the
set of enzymes includes all concentration of analyte that will
be encountered in the samples to be analyzed.
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[0078]

[0079] A variety of signal transduction mechanisms are
suitable for use with the methods and devices of the present
invention. For example, signal transduction mechanisms in
biosensor devices of the present invention may be are
electrical or electrochemical in nature. For example, an
oxidoreductase enzyme, such as glucose oxidase, will cata-
lyze a flow of electrons from a target analyte to an electrode,
directly or via a mediator, which is easily detected as an
increase in electrical current.

[0080] Biopolymers of the present invention, such as
enzymes, can also be used to indirectly measure substances
that cannot easily be oxidized, such as iron, phosphate,
calcium, etc. This can be done by evolving an enzyme that
oxidizes a common abundant metabolite such as glucose or
urea, and making a variant or a set of variants that respond
differently to (i.e., are inhibited or activated by) the presence
of the desired analyte (e.g., iron, phosphate, calcium, etc.).
Analyte concentrations can then be calculated by comparing
activities of the set of enzymes.

[0081] Signal transduction may be facilitated by the use of
conductive polymers, such as, e.g., polyaniline as the matrix
for protein binding, which facilitates electron transport to
the solid electrode surface. The proteins are directly wired to
the conductive polymer, which forms the electrode. The
polymer is connected with the solid state electronics that
transfer the signal to the detector.

[0082] The most direct method to measure the activity of
an electrochemically active biopolymer (e.g., protein) is to
place the biopolymer on an electrode and to measure its
response to a stimulus. Biopolymers employed in biosensors
of the present invention are tailored to resist loss of enzyme
activity (e.g., via denaturation at the electrode surface or
intolerance of the immobilization method), poor electron
transfer to the electrode, altered substrate specificity, and
poor reproducibility, thus providing for simplified sensor
construction.

[0083] The present inventio also contemplates the use of
naturally occurring and modified electron transport proteins
to facilitate signal transduction. In nature, a variety of
electrochemically active proteins are part of an electro-
chemical gradient in which the energy liberated, e.g., from
light or food, is used to drive work until the electrons are
delivered to the final electron sink, i.e., oxygen. The sole
function of these proteins (see ¢.g., www.chem.gmw.ac.uk/
iubmb/etp/) is to take electrons at one redox potential and
pass them on to another protein in a controlled way. An
example of this is found in cytochrome P450 chemistry,
which is described further in Example 5. In one example, the
electrons originate in NADH where they reduce feredoxin
reductase, which reduces feredoxin, which passes the elec-
trons to the P450 itself. This cascade enables the biological
system to control the electron transfer and prevent the
electrons flowing at will (equivalent to shorting a battery).

[0084] These electron transport proteins tend to be small
stable proteins, which modulate the activity of the proteins
on either side of the chain by binding events and of course
by electron transport. In the biosensors of the present
invention, these proteins are used as molecular wires
between the electrode surface and the sensing enzyme of
interest. Each new protein of interest is fused to a suitable
electron transport partner (either its native partner or with an
artificial partner with matched redox potential). A series of

Signal Transduction



US 2002/0127623 Al

electron transport proteins is, therefore, produced that act
across the relevant redox levels, and that are both stable on
a selected surface and readily accept electrons from the
selected surface. If desired, the proteins are modified and
selected such that their tertiary structure forms a surface that
binds to the surface of the electrode in a consistent orien-
tation.

[0085] As illustrated in FIG. 3, the electron donor and
electron acceptor proteins can be fused, and the complex can
be further diversified using methods described herein, and
selected to optimize electron transfer between the two
proteins.

[0086] One advantage of this approach is that only a small
subset of proteins need be optimized for surface stability and
metal-protein electron transfer, facilitating development of a
generalizable biosensor platform. In a manner analogous to
antigen binding affinity in the immune system, it is only
necessary to alter the analyte binding moiety to correspond
to the analyte(s) of interest. Additional details regarding
directed evolution of monooxygenases can be found, e.g., in
WO 00/09682, published Feb. 24, 2000.

[0087] Incorporation of a multitude of enzymes that are all
optimized and standardized for function on a single platform
permits the production of a detector that is able to analyze
multiple metabolites simultaneously from one biological
fluid sample.

[0088] Such portable, easy to operate devices will dimin-
ish the need to perform analyses in central labs or by highly
qualified, specialized personnel. The amount of data that can
be gathered by a broader user population will be very large,
creating an information database that can be applied to
improving the quality of diagnosis and treatment, as well as
to administering diagnostic and treatment protocols. In one
application, biosensor devices of the present invention per-
mit metabolite fingerprinting by an array of enzymes or
other biosensor biopolymers providing a powerful tool to
monitor complex disease states or progression of disease
states. The biopolymers or enzymes on the array can be
optimized variants to function on the electrode surface or a
library of, e.g., shuffled, variants that show diffeent substrate
specificities. After initial training of array data on a repre-
sentative number of individual phenotypes, diagnosis is
performed by wireless transfer of newly acquired data to the
database and by correlating to existing information. Each
new data acquisition will also contribute to the diagnostic
value of the database.

[0089] An exemplary device platform, e.g., for medical
diagnostic or monitoring applications, is illustrated in FIG.
4. The platform includes, (a) a fluid sampler (e.g., for
obtaining blood, urine, sweat, tears, cerebrospinal fluid,
etc.); (b) a fluid test strip containing fluid-flow director and
biosensor, or biosensor array, coupled to signal transduction
mechanism; (¢) a hand-held reader for measuring signals
from biosensors; (d) a mechanism for wireless transmission
of data to a receiver (e.g., either in the home or on a remote
server, e.g., at a point of care such as a clinic, hospital or
other service provider). Data is then transmitted from the
biosensor device to a data collection and processing unit,
e.g., in the home or on a server at a point of care. Data
relating to analyte binding to the biosensor device is pro-
cessed and transmitted back to the device, where it is
interpreted and read-out for the user. In an implantable
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version of a biosensor device, the fluid sampler, test strip and
hand-held reader are replaced by a single implantable sensor.

[0090] Instructions can relate to disease state, e.g., diag-
nosis or prognosis, or to management issues, such as regu-
lation of dosage of a drug or drugs. The read-out can take the
form of quantitative or qualitative values, to be interpreted
by the user or a care provider, or can be directives, e.g., “It
is time for your next dosage,”“You are at high risk for a heart
attack, call 911,” and the like. Alternatively, and especially
in an implantable device, e.g., coupled to an administration
device such as an insulin pump, the processed data can be
used to directly control treatment. For example, to reduce
toxicity or to insure compliance with a protocol, a pill-
dispenser could be controlled by the device, such that
medication, e.g., pills, are only dispensed in response to
information gathered and transmitted by the device.

[0091] Biosensors of the present invention can be used in
connection with other devices, e.g., using a MicroElectro-
Mechanical Systems (MEMS) based approach. For
example, implantable biosensors can be connected to a
pump, and the signal created by the sensor can be transmit-
ted to the pump to deliver the medication instantaneously
and in an appropriate dosage. A classic example is the
artificial pancreas with a sensing unit (glucose oxidase)
connected to an insulin pump. Implantable devices have to
meet even more stringent criteria than single timepoint
sensors. Due to the necessity of minor surgery the implant-
able sensor should last as long as possible without interven-
tion which requires higher stability of the sensing biomol-
ecule than most natural enzymes are designed for.
Optimization of biomolecules that recognize biomarkers in
vivo for disease diagnosis and treatment can be achieved by
directed evolution, e.g., by shuffling.

[0092]

[0093] Shuffling and other diversity generation reactions
can be used either to optimize the binding/reaction of a
single protein with its substrate, or to create a family of
related proteins with different substrate preferences. These
proteins can be used individually or as arrays on a solid
support, for example an array on a glass slide or chip, a
microtiter tray, or the like. The read-out from a biosensor can
be either a single quantitative measurement, or a pattern of
signals from the array. Individual signals can be quantitative
or qualitative (i.c., yes/no indications, or more subtle inten-
sity measurements), with overall patterns including any of:
positive, negative, or partial signals. The arrays can be used
to detect the binding or interaction between an array and one
or many different molecules or other stimuli.

[0094] An alternative to the solid phase array is pooled
bead biosensors, which can be in an array format, or can
exist as individual array members. For example, dotting
His-tagged protein could be achieved directly from a library
by automated HTP protein purification followed by arraying
the purified protein on a Nickel-NTA coated surface. Other
binding motif/receptor partners would work analogously.
The surface could be the beads used in the purification if the
beads are individually addressed. Different size beads with
different fluorophores (eg. quantum dots) can be distin-
guished by fluorescent correlation spectroscopy, or other
methods. Also, combinatorial-chemistry sample tracking
methods (e.g., GC tags, etc.) are applicable.

[0095] Each library clone is optionally given a defined
bead or spatial address/marker and permanently bound, e.g.,

Production of Novel Sensing Molecules and Arrays
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in bulk. In bead embodiments, the beads are pooled and used
as a mixture. On exposure to a signal molecule, a particular
bead that lights up is identified and decoded back to an
original clone. For sensor applications, the pattern of clones
or other bound elements that show a signal response corre-
sponds to a specific molecule/stimulus (the intensity of the
response should quantify the stimulus). For other applica-
tions, this technique can be used for catalyst screening when
reuse of the same library (e.g. an active lipase library) many
times for different purposes is desired.

[0096] Enzyme Activity Dependent on Molecule of Inter-
est
[0097] In one aspect, the invention provides for diversi-

fication and selection, e.g., shuffling, for substrate specific-
ity, enzymatic activity in response to an allosteric effector,
such as a metal, a cell surface antigen, or some natural or
synthetic small molecule. Selection can be for variants that
respond to the molecule as a specific positive effector or an
inhibitor of the enzyme. Presence of the analyte is then
detected by activity of the enzyme.

[0098] Several enzymes require bound metals for stability
and/or catalytic function. These sites are often highly spe-
cific for a particular ion, depending on the size of the metal
binding pocket and ligand geometry and types. There are
several reports of altering the metal dependence of enzymes
by engineering (for review see Regan, L., 7IBS, 1995,
20:280-285 and Shao & Arnold, Curr Opin Struct Biol,
1996, 6:513-518). For example, Haflon and Craik have
engineered a trypsin mutant that is sensitive to submicro-
molar Cu2+ (J Am Chem Soc, 1996, 118:1227-1228). It
should be possible to alter specificity of existing metal sites
or create new ones by shuffling. In this way an enzyme can
be made to be a sensor for a metal of choice.

[0099] Subtilisins require bound Ca®* for proper folding.
Previous work has shown that there is considerable vari-
ability in this requirement among different subtilisins. Varia-
tion is seen in the number and affinity of required Ca2+ sites.
Engineering and directed evolution have been used previ-
ously to alter the affinity of Ca2+ binding and in one work
subtilisin BPN was evolved to be stable in the absence of
Ca2+. Shuffling could be used to create subtilisins that
specifically require heavy metal ions of choice for activity.
The presence of the metal ion in a sample could then be
detected as protease activity using one of several existing
sensitive and rapid colorimetric and fluorimetric protease
assays.

[0100] Doi et al. (Doi et al.,FEBS Lett., 453,1999) have
demonstrated that insertion of a protein domain containing
a desired molecular binding site into a surface loop of GFP
led to ligand binding with the fluorescent property of the
protein. A similar concept can be applied to obtain enzyme-
linked biosensors by shuffling proteins with inherent fluo-
rescent property and screening for change of fluorescent
properties as a result of binding of the analyte.

[0101] Similarly, a protein can be evolved so that it gives
a desired signal (such as fluorescence) upon binding to an
analyte. Shuffling and other diversity generation/selection
methods can also be used to build multiplex detectors,
including multiple multi-wavelength protein fluors, and the
like.
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[0102] Creation of Functionally Diverse Arrays

[0103] Antibodies can be diversified, e.g., shuffled, to
create functional (binding) diversity. It is possible to include
differential selection (e.g., to select antibodies that bind to
proteins or other compounds present in a diseased sample
(blood, CSF, tumour sample, etc.) toxin, biological warfare
agent, or the like). Antibodies can be arrayed (optionally
including control antibodies for array for normalization),
and the arrays can be screened for disease markers in patient
samples, environmental samples, biological warfare agents,
and the like. For additional details regarding antibody diver-
sification, see, e.g., WO 01/32712, published May 10, 2001.
This same strategy can be applied to any other small
molecule binding protein family, for example, lipocalins
(see, e.g. Beste G. et al., 1999, Proc Natl Acad Sci USA,
96(5):1898-903).

[0104] Similarly, olfactory receptors can also be diversi-
fied, e.g., shuffled, to create functional (binding) diversity.
Optionally, differential selection as used, ¢.g. to select recep-
tors that bind to compounds present in positive sample
(environmental agents, fragrances, metabolites, etc.). Olfac-
tory receptors or binding domains derived therefrom, can be
arrayed (optionally including control receptors in the array
for normalization purposes). An array can be used, e.g., as
an electronic “nose,” to screen for chemeical warfare agents,
fragrances, metabolites, etc. in samples.

[0105] Light sensitive proteins can also be arrayed. For
example, light sensitive bacteriorhodopsin, eye photorecep-
tor proteins (e.g., from rods/cones etc) can be evolved to
change the responsive wavelength range (e.g., out to the
UV/IR spectrum) for the protein. These proteins can be
arrayed and molecular cameras, film, and the like can be
made from arrays of these proteins.

[0106] Enzymes can be diversified into families with
different substrate specificities. Enzymes can also be diver-
sified into families with the same substrate specificity but
different sensitivities to analytes which may bind to the
enzyme and affect their activity competitively, non-competi-
tively or allosterically. Arrays of such enzymes can thus be
sued to measure the concentrations of multiple analytes of
similar or dissimilar structures simultaneously.

[0107]

[0108] Many array specific activities and activities related
to function of a biopolymer as a biosensor, ¢.g., in a sensing
device, can be selected for, including shuffling for stability
in an array, e.g., in a specific array or device format.
Similarly, sensor arrays can be selected, e.g., following
diversification by shuffling or other procedures, to decrease
array costs and to increase array storability. Thus, shuffling
or other diversity generation/selection schemes can be used
to increase stability of a biosensor biopolymer or array,
stability to the arraying process(es), stability of the array to
long term storage both in manufacturing and in any sensor
device where the conditions will vary (e.g., at least one year
stability with little no activity drop-off and some internal
calibration can be produced), stability to the conditions that
the sensor are used in (e.g., biological fluids for medical use,
particular climates such as desert or cold climates for
military use, zero gravity for space, pressure sensitivity or
insensitivity), and the like.

[0109] Tt is also possible to select for orientation of array
components on the arrays. For example, a protein sensor is

Optimization of Physical Properties
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reproducible if all the proteins in an array are held in the
same orientation relative to a surface of the array. This can
be accomplished, e.g., by attaching a binding tag/surface at
the same point in each protein followed by shuffling for
optimal activity. This creates regular 2D arrays of proteins,
which are readily visualized/studied by AFM/Neutron scat-
tering/X-rays, ete. Also, surface properties of protein coat
can be made uniform (e.g., with respect to friction, hydro-
philic/hydrophobic/aspects, etc.). Ridges of materials can
form diffraction patterns, which can be modified by pertur-
bations of the protein surface, ¢.g., as brought about by
binding of materials to the protein, or by heat, light, or the
like. Similarly, the array can provide an optical equivalent to
surface plasmon resonance. This can also be achieved with
membrane proteins on a tethered membrane surface.

[0110] In general, proteins are expensive to produce. To
reduce array costs, the array components (e.g., proteins) can
be selected during shuffling or other diversity generation/
selection methods for easy production and purification.
Over-expression mutants can be a goal of shuffling or other
diversity generation methods. For example, shuffling can be
used to provide a super folded mutant, increasing the yield
of functional protein in a preparation. Similarly, fermentor
time is expensive; thus, shuffling for fast/early expression, or
permanent enzyme secretion in a filtration tank production
fermentor for protein production can be performed. With
respect to expression, it is sometimes desirable to select for
super high potency operators/ribosome binding sites to
increase the percentage of total carbon/nitrogen going to a
protein of interest.

[0111] One aspect provides for selecting, e.g., following
diversification, e.g., by shuffling, for avidity and/or selec-
tivity. For example, an extremely diverse library can be
made and screened for binding to a specific chemical (e.g.,
in a bead assay format) in the presence of high concentra-
tions of other components and different chemical displaying
beads. The bead of interest, comprising diversified, e.g.,
shuffled components of interest can be isolated to find out
what bound to the bead. The library can be re-challenged
with new bead bound chemicals to get new binders.

[0112] The detection limit/range of an enzyme (e.g., as a
sensor) is partially dependent upon its Km for the substratel-
binder of interest. Thus, the Km can be selected for to the
value of interest for an intended semsor application. Of
course, the relevant Km will vary, depending on the system
of interest—for example, different sensitivities are appro-
priate for, e.g. a glucose sensor in blood as compared to
glucose in fermentor.

[0113]

[0114] Responses can trigger a cascade to increase sensi-
tivity of a given assay. For example, a downstream cascade
can be created or optimized by selecting the desires activi-
ties following diversification, e.g., by shuffling, of a library.

[0115] Similarly, the catalytic mechanism of the sensor
protein can cause the production of a measurable side
product (e.g., H,0, by oxidases, for example, glucose oxi-
dase). The enzyme is selected to be specific to other sub-
strates, to have a Km in the desired range for the sensor
application, to have a desired stability, to avoid the need for
expensive/unstable cosubstrates/cofactors, etc.

Signal Transduction

Sep. 12, 2002

[0116]

[0117] A common method for monitoring enzyme reac-
tions is to use an analytical assay for specific or generic
detection of products, e.g., by mass spectroscopy or by
exploiting fluorescent or chromogenic properties of the
compounds produced. Mass spectrometry is highly specific
and sensitive, as well as broadly applicable, but is not
amenable to ultra-high throughput. Chromogenic and fluo-
rescent assays are readily adapted in scale and efficiency for
high throughput applications; however, most enzyme prod-
ucts are not chromogenic or fluorescent, thus limiting the
scope of metabolites that can be monitored.

[0118] The present invention provides ways of producing
and identifying bifunctional enzymes that can be used as
sensitive sensors for enzyme products, €.g., small organic
molecules or ionic species. In some cases, binding of an
analyte of interest at an allosteric site would be coupled to
signal-transduction function, e.g., by inducing the proper
active conformation of the evolved enzyme and monitoring
the enzyme activity using simple optical methods like fluo-
rescence or colorimetry. In other cases, enzymes are pro-
duced that are already fluorescent, and an increase or
decrease in fluorescence is induced upon binding of an
analyte. The following are illustrative examples of potential
bifunctional enzyme based sensors.

[0119]

[0120] In the case of Nitric oxide synthase (and other
cytochrome P450s and some flavo-proteins) the binding of
substrate to the active site causes a change in shape and
reduction potential that allows the transfer of electrons from
NAD(P)H reductase. This can be observed by NADPH
depletion (e.g., by absorbance at 340 nm). The binding site
of this system can be selected to be specific for the molecule
the sensor is designed to detect.

[0121] Forexample, the heme-binding pocket is extremely
widely used in nature to effect signaling and catalytic
functions for many molecules. For example, the binding
pocket is relevant to gases (0,, CO, NO), ions (N5, CN),
small molecules (steroids, polyketides, aromatics (xenobi-
otic metabolism in animals and microbes), terpenes, fatty
acids, amino acids. Some hemoproteins, such as cytochrome
b5, primarily bind and transfer electrons. Nitric oxide syn-
thase includes heme and calmodulin-reductase domains. In
this system, electron transport and catalysis relies on cal-
cium bound to calmodulin.

[0122] NADPH is expensive/unstable and thus not ideal
for many sensor applications. A better signal generation
approach is a direct measure of the change in reduction
potential. Solid state electrochemical detectors perform this
task and, because they can be microfabricated, are well
suited to microarray technology. In this example, an array of
individually addressed electrochemical detectors is created
in a silicon chip (densities of ~10 000 per square centimeter
can readily be achieved). The surface of the silicon chip can
be treated to provide an environment amenable to protein
attachment and stability (¢.g., lipids on a surface, PEGylated
surfaces, specific charge environments, chemical function-
alities such as Ni-NTA, etc.). The coating is designed not to
interfere with the sensor (e.g., is not electrochemically
active, etc.).

[0123] The sensor proteins are arranged or arrayed on top
of the sensors. Binding of molecules to the heme pocket of

Allosteric Biosensors
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the sensor protein changes the reduction potential of the
protein and results in an electrical signal. Each binding event
gives a signal leading to a quantitative response to binding.
The sensor proteins are characterized before attachment or
the pattern of response for each stimulus could be trained
into the sensor. In order to stabilize the sensor, the surface
coating is optionally polymerized to permanently attach the
proteins and associated molecules to the surface.

[0124] Inter-subunit crosstalk (allosteric responses) can
also be detected. For example, proteins change shape upon
binding of their target. This movement can transduce energy
across the molecule to cause secondary effects. Oxygen
binding by hemoglobin is a classical example of this.
Hemoglobin type structures can be used, e.g., where one
subunit is sensitive to a molecule of interest, changes shape
on binding and causes a shape change in other subunits,
leading to a measurable change (catalysis etc.).

[0125] Diverse or specific binding domains can be gener-
ated. For example, an allosteric protein can be shuffled such
that binding a target molecule initiates an allosteric change
in other subunits of the molecule. The other subunits
respond with a detectable change in binding or catalytic
activity. For example, oxygen binding to hemoglobin
changes the protein’s absorption maximum, which can be
read by a laser.

[0126] Transcriptional regulators can also be adapted, e.g.,
shuffled, and utilized as biosensors. For example, a cell-
based sensor in which cells contain different transcription
factors sensitive to binding events (e.g., a lac repressor, a
regulators of aromatic catabolism, etc.) can be made. The
presence of an activator produces a signal, e.g., transcription
of GFP, luciferase, beta-galactosidase etc. Cell-based bio-
sensors can be made, ¢.g., by making multiple related cells
(e.g. by whole genome shuffling as noted in the references
above) and detecting small molecules, ¢.g., by a respiration
pattern of a microbe array.

[0127] Direct detection of small molecule binding to tran-
scriptional regulator using an array of target DNAs (or
RNAs) can also be performed. For example, a regulator is
optionally physically bound to a target sequence, thereby
measuring presence of activator molecules in sample. Direct
physical detection of binding can be performed by measur-
ing a change in the reduction potential. For example, cyto-
chrome P450s change reduction potential on binding to a
substrate. Measurement of this change is, thus, electrical,
which is a preferred readout mechanism/effector. Surface
plasmon resonance can also be used, e.g., to detect protein-
protein interactions such as antibody-antigen binding. Other
approaches include the monitoring of fluorophores on bac-
terial spores activated by binding of spore to target mol-
ecule.

[0128] In one aspect, an orientation change is measured.
For example, if the proteins of a sensor array have been
deposited to give a specific optical diffraction then binding
events will perturb the signal. Surface plasmon resonance
also responds to binding in this way. Each sensor protein (or
closely grouped identical members of an array) acts as a
pixel, which changes individually, based on binding to a
specific agent. Small pixels are picked up by a CCD camera
for example. A larger pixel can be visually observed in the
protein equivalent of a LCD device.

[0129] The array can be printed onto a clear sheet and
arranged so the surface becomes opaque on ligand binding.

Sep. 12, 2002

This provides a robust cheap sensor, suitable for industrial or
military uses. For example, a helmet visor can be con-
structed using this technology to automatically respond to
the presence of environmental agents, contaminants, toxins,
chemical warfare agents, or the like, providing an immediate
displayed response by the array.

[0130] Optical change provides one preferred approach to
array monitoring. For example, a protein can be shuffled
such that the sensor protein carries a fluorophore (e.g., GFP)
which is quenched under normal circumstances (e.g., tryp-
tophan can act as a quenching agent in the correct orienta-
tion/proximity). On binding of a target molecule to the array,
the array protein members change shape and move the
quenching agent away form the fluorophore, giving a mea-
surable increase in quantum yield/emission wavelength.
Other markers include FAD fluorescence or a fluorophore
(e.g., FITC etc.) that is chemically conjugated to a specific
lysine or cysteine, etc., which are also quenched until target
molecule binding occurs.

[0131] Identification of Enzmes that can be used as Heavy
Metal Detectors.

[0132] A number of known enzymes require bound metal
ions for stability and/or catalytic function. The ion binding
sites of these enzymes are often highly specific for a
particular ion, and binding depends on the size of the metal
binding pocket and ligand geometry and charge. There are
several reports of altered metal dependence by protein
engineering (for review, sce, e.g., Regan, L., TIBS 1995,
20:280-285 and Shao, Z. & Arnold F. H., Curr Opin Struct
Biol, 1996, 6:513-518). For example, Haflon and Craik have
engineered a trypsin mutant that is sensitive to submicro-
molar Cu® (J Am Chem Soc, 1996, 118:1227-1228). In the
methods of the invention, library arrays are produced that
include members with altered specificity of existing metal
sites or novel metal binding sites. These library arrays, or
alternatively, selected library members, can be used as
sensors for one or more metal ion of choice.

[0133] For example, subtilisins require bound Ca** for
proper folding. Previous work has shown that there is
considerable variability in this requirement among different
subtilisins. Variation is seen in the position and affinity of
required Ca** sites. Engineering and directed evolution have
been used previously to alter the affinity of Ca** binding
(Pantoliano, M. W., et al, Biochemistry, 1988, 27:8311-
8317). In one work subtilisin BPN was evolved 1o be active
and stable in the absence of Ca** (Strausberg, et al, Bio-
technology, 13:669-673). DNA shuffling or other diversity
generating methods can be used to produce a diverse library
of subtilisins or any other enzyme class, wherein individual
members specifically require various heavy metal ions or
other analytes for activity. In essence, this produces an array
of bifunctional heavy metal binding/protease enzymes. The
presence of one or more metal ions in a sample is detected
based on protease activity of the array of subtilisin variants
using one of several existing sensitive and rapid protease
assays. Similarly any enzyme or family of enzymes may be
made dependent upon or may be made to be inhibited by any
metal, ion or other small molecule. Comparison of the
activity of an enzyme sensitive to the concentration of an
analyte with a reference protein that is not sensitive or is
differently sensitive to that analyte, will allow the concen-
tration of the analyte to be determined.
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[0134] Evolved Enzymes that can be used as Anionic
Leaving Group Detectors.

[0135] Enzymatic reactions involving nucleophilic substi-
tutions result in small organic or inorganic anionic leaving
groups (e.g., chloride, fluoride, bromide, iodide, sulfate,
phosphate, phenolate, carboxylate, etc.). A selective and
sensitive method for quantitative measurement of these
generic leaving groups is desirable for assays that can be
applied to a variety of different enzyme classes. Doi et al.
(Doi et al.,1999) have demonstrated that by inserting a
protein domain containing a desired molecular binding site
into a surface loop of GFP, they could couple ligand binding
with the fluorescent property of the protein. A similar
concept can be applied to obtain enzyme-linked biosensors
by arraying libraries of bifunctional GFP-like proteins and
screening for change of fluorescent properties of the protein
upon binding of the analyte of interest.

[0136] Evolved Enzymes that can be used as Small Mol-
ecule Sensor.
[0137] Libraries of bifunctional reporter enzymes based

on GFP-like proteins that indicate presence of a small
molecule in a sample are also a feature of the invention. For
example, binding of the specified small molecule, or group
of molecules, is detected as induction or alteration in fluo-
resecence of the bifunctional GFP/binding protein.

[0138]

[0139] One particularly valuable attribute of many pro-
teins is that they can change in conformation upon binding
to a specific molecule, or analyte of interest, even in the
presence of a wide variety of structurally similar or unre-
lated molecules. Even in a complex medium such as a
cellular extract, or biological fluid such as blood, proteins
specifically bind to a particular analyte in solution in a
corcentration dependent manner.

[0140] Inthe context of the present invention, proteins that
change conformation (e.g., either allosterically in a fusion
polypeptide or as an single polypeptide) in the presence of
relevant (e.g., physiologic) concentrations of the analyte of
interest. As described herein, the protein can be derived by
directed evolution, e.g., shuffling, to alter specificity or
affinity to detect the analyte of interest under specified
conditions, thus, producing a protein (or collection of pro-
teins) that binds to the analyte(s) and undergo a conforma-
tional shift which is detectable by the sensing element.

[0141] For example, the protein calmodulin exists in an
extended conformation in the absence of Ca™ (or under
physiologically low levels of Ca*™). As calcium levels
increase, the molecule curls around the Ca** ion to form a
V shaped molecule. This brings the two ends of the protein
into close proximity. In situ, this conformational change
results in induction of downstream events. If desired, the
selectivity of calmodulin for calcium can be modulated, e.g.,
by shuffling or other directed evolution procedures, for
example, for sclectivity for other divalent metal ions, other
ions of interest, or other molecules of interest (e.g., by such
methods as phage display).

[0142] In the context of a biosensor, the two ends of the
molecule can be two individually inactive domains of a
protein that when in brought into proximity by a conforma-
tion shift become active. Tyrosine Kinases are often acti-

Biosensors based on Calmodulin Variants
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vated in this manner in the signaling cascade. A candidate
protein, such as alkaline phosphatase or horse radish per-
oxidase (or any protein that generates a detectable signal,
e.g., colorimetric/fluorogenic or electrochemical signal) is
constructed as a fusion protein such that the signal gener-
ating (e.g., catalytic) site is separated by the calmodulin
domain into two separate domains (the two domains can be
chosen randomly or on the basis of structural criteria, e.g.,
X-ray structures, etc). Variants are then selected that are
active only in the presence of calcium.

[0143] Alternatively, the two domains separated by a
calmodulin domain can be an electron transport protein
(e.g., from a cofactor molecule) and, e.g., the catalytic unit
of endothelial Nitric Oxide Synthase (eNOS). It will be
appreciated that the conformational shift which activates
production of a signal, can be either primary (i.c., induced
directly by binding of the analyte) or secondary (i.e., due to
displacement of an inhibitor by the analyte which induces a
conformational change that activates the signal production
domain(s). The latter are, generally considered, allosteric
conformational changes, where binding of an analyte to a
binding domain induces a conformational change that places
the catalytic domain of the polypeptide or protein in the
correct structural orientation to bind substrate, and catalyze
the conversion of substrate to a detectable product. The
analyte, or compound for which the binding domain of the
biosensor is specific is typically unrelated the substrate
catalyzed to generate a detectable product.

[0144] In one embodiment, the two signal generating
domains separated by calmodulin contain spectrally
matched dyes (e.g., GFP/RFP, Fluorescein/rhodamine,
europium cryptate/APC etc.) enabling detection of the con-
formational change by FRET (or time resolved FRET). For
example, using rational design strategies, GFP calmodulin
fusions that are responsive to calcium have been produced
(Baird et al. (1999) Proc. Natl. Acad. Sci. USA 28;96:11241-
6; Topell et al. (1999) FEBS Letters 457:283-289). The
methods, including a variety of diversification and selection
procedures, including shuffling, can be used to produce
binding domains that are specific for a wide variety of
analytes, especially small molecule analytes, other than
calcium ions.

[0145] In addition to calmodulin, numerous other proteins
are known that undergo analogous conformational shifts.
For example, two inactive catalytic domains of a G-protein
coupled receptor become active when the sensing domain
binds the target analyte and, e.g., dimerizes into a complex.
Similarly, nuclear hormone receptors undergo a conforma-
tional shift that causes them to traverse the nuclear mem-
brane and bind to specific DNA sequences upon binding to
their ligand. Nucleic acids encoding such proteins can serve
as the starting materials for the directed evolution of pro-
teins, with specificity for an analyte of interest. Signal
generation is based on optical detection of the conforma-
tional change as described herein.

[0146] For example, fusion proteins based on a bipartite
green fluorescent protein (GFP) can be produced which have
any of a variety of analyte binding domains, calmodulin,
G-protein coupled receptors, nuclear receptors, olfactory
receptor, lipocalins and antibodies being only a few of the
examples. Directed evolution procedures, e.g., shuffling, can
be used to derive binding site variants that are specific for an
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analyte of interest. In particular, such fusion proteins can be
used to produce biosensors specific for a wide range of
non-nucleic acid analytes, in particular small molecule and
protein analytes. Similarly, procedures such as shuffling can
be used to generate and select GFP fusion variants that
exhibit the desired conformational changes, i.e., from inac-
tive in the absence of analyte to fluroescent upon binding of
the specified analyte.

[0147] Alternatively, a change in conformation can allow
an electrochemically active group to contact (electrically,
either directly or through intermediates) an electrode. In this
case binding is measured by a change in current or poten-
tiometrically, etc. The change in conformation can also be
observed by binding to a specific surface by surface plasmon
resonance (SPR) microbalances, or the like.

[0148]

[0149] A wvariety of optical detection methods are
employed in the context of the biosensors, sensor arrays and
devices of the present invention, e.g., by ultraviolet spec-
trophotometry, visible light spectrophotometry, surface plas-
mon resonance, fluorescence polarization, fluorescent wave-
length  shift, fluroescence quenching, colorimetric
quenching, fluorescence resonance energy transfer (FRET),
liquid crystal displays (LCD), and the like. Numerous such
methods are known in the art, and well described in the
patent and technical literature.

[0150] In brief, surface plasmon resonance can be used to
detect alterations in the diffraction of light due to binding of
an analyte. For example, surface plasmon resonance detects
a change in the angle at which light hits a detector between
a substrate bound biopolymer that has bound an analyte
molecule and a biopolymer that is unbound to analyte.

[0151] In fluorescence polariztion, a fluorescently labeled
analyte is bound to a biopolymer. When analyte is added,
e.g., in a sample, it displaces the labeled analyte from the
protein. The liberated fluorophore has a significantly lower
polarization than the bound fluorophore, resulting in a
detectable change in the signal. Similarly, a fluroescent
wavelength shift is based on the finding that many fluoro-
phores exhibit a change in excitation and/or emission wave-
lengths and quantumyield of fluorescence (E) when released
from, ¢.g., a hydrophobic binding site on a biopolymer, to an
aqueous environment.

[0152] Fluorescence quenching also involves a change in
fluorescence that is dependent on binding of an analyte to a
biopolymer. In this case, however, the fluorophore is
designed to be quenched, e.g., by the indole ring of tryp-
tophan. To employ fluorescent quenching, the biopolymer,
or members of a biopolymer array, are selected or engi-
neered to incorporate a tryptophan optimally positioned to
quench excitation of the bound fluorphore (i.e., in an orien-
tation and proximity for pi cloud overlap). In one variation,
fluorescent quenching involves the use of a fluroescently
labeled analyte analogue. Upon binding of the analyte of
interest, the labeled analogue is displaced and the quenching
is removed. Alternatively, a fluorescent dye unrelated to the
analyte is placed in proximity to the sensor biopolymer, e.g.,
by thethering as described below. Binding of an analyte
induces a conformational change in the biopolymer that
moves the dye relative to the tryptophan, releasing the dye
from quenching.

Optical Detection Methods
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[0153] In another variation of a fluorescent signal depen-
dent on a conformational change in the biopolymer, two
domains of a fluorescent protein, e.g., GFP, are separated by
an analyte binding domain in the context of a fusion protein.
Upon binding of the analyte, the two domains required for
fluorescence are brought into proximity to allow detection of
fluorescence, ¢.g., by FRET.

[0154] Another approach involves the use of calorimetric
quenching. As described above a dye molecule is bound to
the biopolymer. In this case, however, the dye is not fluo-
rescent or optically quenched, rather the dye is an unstable
molecule (such as the X of X-gal, or a standard indole), that
is initially bound to the sensor biopolymer. When bound to
the biopolymer the dye is unreactive, however, upon analyte
binding, the dye is displaced and becomes reactive, e.g., to
oxidative dimerization, resulting in the formation of an
insoluble colored precipitate. This method is particularly
suited to certain medical, diagnostic and monitoring appli-
cations as the biosensor can be prepared in a “dipstick,” tape
or ribbon, capsule, or other easily stored and manipulated
format.

[0155] An LCD involves a two dimensional liquid crystal
of the sensor biopolymer, arranged in a single orientation on
a substrate. Exposure to the analyte induced a conformation
change in the biopolymer resulting in a deformation in the
crystalline packing. This, in turn, makes it easier for the
surrounding elements of the liquid crystal to bind and
change conformation. This cooperative cascade alters the
optical properties of the display, and amplifies the signal
generated by analyte binding. In particular, use of such a
detection method is preferred in applications (e.g., environ-
mental monitoring), in which it is desirable that a certain
analyte concentration be required to initiate the conforma-
tional shift, but once initiated, the signal develops rapidly
and with increased amplitude.

[0156] In addition to the detection methods described
above, a variety of light activated biopolymers can be used
in the context of the biosensor devices of the invention, e.g.,
photoactivatable enzymes including photoactivatable
nucleases or polymerases for sequencing, photoactivatable
enzymes for complex combinatorial biosyntheses, e.g. using
photographic masks and the like. For example, in the context
of a biosensor array, one approach is to bind a first substrate
to a support, add a second substrate and transiently photo-
activatable enzyme, then photoactivate the array or array
components using a mask or laser scanning method to
activate only a desired subset of the enzyme. The enzyme is
removed and a second substrate added, followed by addition
of a third substrate and second transiently photoactivatable
enzyme. This process is repeated using a second mask or
laser scanning pattern. This is, essentially, a solid-support
based combinatorial chemistry method. An array/library can
be assayed, for example, for cellular effects (such as antii-
biotic activity), by overlaying with an appropriate cell layer,
optionally including an enzyme to cleave the linker binding
the substrate to the solid support.

[0157] Another application utilizes proteins as electrical
components. For example, arrays of proteins can form wires
(e.g., where the proteins are electrically conductive), tran-
sistors/capacitors/gates (where the proteins or arrays of
proteins have defined electrical properties), and the like.
Similarly, an electrical input can be used to change the
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oxidation state of cofactors, giving an optical change. Pro-
tein memory devices can also be formed using the arrays of
the invention. In another aspect, ligand activated cascades
can function as switches.

[0158] 1In general, the detection methods described above
involve a conformational change, e.g., in a biopolymer or
biopolymer array, between a biopolymer and a bound ana-
lyte, between a biopolymer and a dye, between domains of
a biopolymer, etc. Numerous variations of such detection
methods can be produced by those of skill in the art for use
in the context of biosensor devices and arrays, to detect
non-nucleic acid analytes, e.g., small molecule analytes. The
following examples are, therefore, provided to illustrate
certain embodiments of the invention, and are not to be
interpreted as limiting.

[0159] For example, antibody-antigen interactions inter-
actions or lipocalin-substrate interactions can be used in the
context of an optical biosensor for continuous detection of
small molecule metabolites as well as proteins and peptides,
e.g., in vivo or in vitro. Antibodies with binding affinity for
a specified analyte are attached to the substrate, e.g., wall, of
a sensing device. Also present within the confines of the
device are large molecules (e.g., dextran, polyethylenegly-
col, bovine serum albumin or other non-reactive proteins,
etc.) that are covalently modified with the analyte of interest
and a fluorescent moiety. A semi-permiable physical barrier
(e.g., a molecular cut-off membrane) can be employed to
insure retention of the analyte/fluroescence carrier molecule
within the sensing device. When the sensor is placed in
contact with a sample, e.g., in a collection vessel, or in an
environmental sample in situ, or in a tissue of fluid in vivo,
small molecules pass through the semi-permiable barrier and
compete with the carrier molecule for binding sites on the
antibody. If desired the sensing device is constructed to
detect only molecules that are present free in solution and,
thus, able to enter the detection range of the device through
diffusion. Such a competition assay yields quantitative data
that can be correlated with the concentration of the analyte
in the sample. Similarly, by minor physical modifications in
the device, the same principle can be used for detecting large
proteins.

[0160] Another approach to developing a generalizable
platform for detection of a wide range of analytes involves
fusions of binding domains to an oxidase, e.g., glucose
oxidase (GO). Such a platform takes advantage of the benefit
of an electrochemically detectable signal generated by the
oxidation, e.g., of glucose by glucose oxidase, combined
with the broad spectrum of specificities available in binding
molecules. Binding domains can be derived from antibodies,
antibody domains, olfactory receptors, hormone receptors,
lipocalins, enzymes and other binding molecules selected,
e.g., using display systems. The oxidase-binding domain
fusion protein(s) (e.g., GO-binding domain fusion proteins)
is/are incubated with a sample (e.g., a biological fluid such
as urine, plasma, saliva or blood) and binds the analyte of
interest in the complex mixture. A sensor containing a
surface derivatized with the analyte is used to capture any
oxidase-binding domain fusion protein (e.g., GO-binding
domain fusionprotein) with a free binding site. All unbound
species are washed away and the bound portion is visualized
by adding glucose. The signal created is inversely propor-
tional to the concentration of the analyte. This type of sensor
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is particularly useful for detecting proteins and allowing
standardized electrochemical detection of proteins and small
molecule metabolites.

[0161] Another antibody based approach involves the use
of a competitive enzyme linked immunosorbent assay
(ELISA). A labeled analyte analogue is bound to an antibody
(or other binding molecule, such as, a molecularly imprinted
polymer, a receptor, or the like) immobilized, for example,
on a surface or substrate, such as a chip, a plate, a bead, a
membrane or other format for immobilization as described
herein, e.g., in the context of biopolymer arrays. A detector,
responsive to a signal generated by the marker is arranged to
detect components of a sample that are not bound to the
immobilized antibody. In the absence of the analyte of
interest, the labeled analogue is bound to the antibody and
signal is low. As the analyte concentration increases the
analogue is displaced and the signal increases sigmoidally.
Because this is an equilibrium measurement it can also be a
real time continuous measurement.

[0162] In the case of a continuous sensor, the sensing
region is isolated from the physiological or environmental
sample, e.g., fluid, of interest by a semi-permiable physical
barrier, as described above. The barrier can be selected such
that molecules of the size of the analyte of interest would
freely diffuse across the barrier, while molecules outside a
specified range would be prohibited. In the case of applica-
tions in vivo, or in sensitive environments, the potentially
toxic labeled analogue can be constructed (e.g., by poly-
merization or attachement to a pre-existing polymer such as
dextran, dendrimers, beads, DNA, albumin, polyacrylomide,
glucan, nylon, etc.) to be too large to traverse the barrier
leading to functional isolation of the sensor from the sur-
rounding sample or sample source. For in vivo applications,
e.g., in a human subject, FDA approved polymers can be
utilized.

[0163] Another approach for the continuous detection of
an analyte (e.g., a protein of interest) involves detection of
changes in a FRET signal. For example, in one variation, a
surface or substrate is coated with an antibody, lipocalin (or
any other binding protein) which is specific for the analyte
of interest. This binding protein is labeled with a fluoro-
phore, i.e. fluorescein. Analyte labeled with a second fluo-
rophore that can act as part of a FRET pair with the
fluorophore on the binding protein (i.e. rhodamine) is immo-
bilized in proximity to the fluorescently tagged binding
protein. The labeled analyte is attached to the surface by a
tether (e.g., a polymer such as polyethylene glycol, a
polypeptide, or peptide, or other linker molecule known to
those of skill in the art) of defined length (which can be
optimized empirically, taking into consideration effects on
sensitivity related to the length and spacing of the tethered
analyte). In the presence of the analyte of interest, the
labeled analyte is displaced from the binding protein, lead-
ing to a decrease in FRET signal.

[0164] The above example relates, e.g., to the use of intact
binding proteins, such as antibodies; however, fragments of
such molecules, including minimal binding domains, e.g.,
Fab' fragments, etc., are also favorably employed. For
example, minimal binding domains from antibodies or other
proteins (such as olfactory proteins, lipocalins, etc.), includ-
ing artificial, e.g., shuffled, variants, that bind analytes of
interest (either proteins or small-molecules) are constructed
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such that they can be easily labeled with two fluorophores
which constitute a FRET pair (i.e., fluorescein and tetram-
ethylrthodamine). Perturbations in protein structure upon
binding of an analyte can be detected by changes in FRET
signal. Affinity for the target analyte(s), as well as the extent
of conformational change upon binding (which gives rise to
the FRET signal) can be modified by directed evolution, ¢.g.,
by DNA shuffling. In addition, if desired, chemical modifi-
cations can be used to add fluorophores to the detector
proteins. Alternatively, the minimal binding domain can be
coupled to a fluorescent protein domain, €.g., in a fusion
protein, eliminating the necessity of chemical modification
steps. If desired, solid-phase binding domains, or other
specific functionality can be engineered into the binding
protein to facilitate its binding to a solid substrate or surface.

[0165] Any of the detection and/or analysis methods
described above can be employed using a single (homoge-
neous) biopolymer, or using a heterogeneous array of func-
tionally compatable biopolymers.

[0166]

[0167] To facilitate any of the methods or applications
described above, luciferase, GFP, or other optically useful
proteins can be optimized, e.g., by directed evolution pro-
cedures such as DNA shuffling, to emit light on application
of an electrical or other stimuli, €.g., at defined wavlengths,
upon binding of analytes, following conformational
changes, etc., providing for lights, optical computing, bio-
lasers, etc., in conjunction with the above described detec-
tion methods. Arrays of such proteins, including fusion
proteins having a binding domain and an light emission
domain can be used to form polychromatic displays,
molecular posters, TVs, molecularly flat screen displays, or
the like.

Optical Devices

[0168] Similarly, light sensitive ocular (i.c., eye) proteins
(derived from rods and/or cones, e.g., thodopsin) can be
optimized by directed evolution procedures to change or
expand the wavelength range out to the ultraviolet or infra-
red range. Such proteins are useful, e.g., in conjunction with
the light emitting detection methods described above, and
can also be used, e.g., in an array format, in the production
of molecular cameras and film.

[0169] Using Arrays of Biopolymers to Characterize
Complex Samples.

[0170] The present invention relates to the production and
utilization of libraries of nucleic acids and expression prod-
ucts, (RNA or polypeptide) as sensors for detecting a wide
range of physical and biological stimuli. The diverse librar-
ies of the invention are particularly useful for characterizing
the constituents of complex samples, e.g., for medical diag-
nostics, environmental testing, biological and chemical war-
fare agent detection, metabolic profiling, drug screening,
and the like. Typically, the libraries include variants of a
nucleic acid or set of related nucleic acids, or expression
products, ¢.g., protein variants encoded by the nucleic acids.
Libraries of nucleic acid variants, e.g., libraries of diversi-
fied nucleic acid sequences, for example, shuffled DNA
sequences encoding enzyme variants, have great potential in
the realm of molecular detection. This potential is exploited
in the methods of the invention by utilizing arrays of
biopolymer libraries, such as libraries of diversified, e.g.,
shuffled, nucleic acids, or libraries of expression products
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encoded by diversified nucleic acid variants (e.g., shuffled
nucleic acid variants), to detect a wide variety of biological,
chemical and biochemical compounds.

[0171] The accuracy and sensitivity of sensing operations
can be drastically increased by performing multiple assays,
e.g., with enzymes of varying specificities and other prop-
erties. To accomplish this in an efficient and cost-effective
manner, libraries of biopolymer variants, i.e., nucleic acid
variants, or the expression products of nucleic acid variants,
are logically or physically arrayed in any convenient man-
ner, adapted to the specific test format or stimulus substrate
of interest. The arrayed libraries are then used to rapidly
determine (in parallel or rapid serial fashion) the activites
engendered by the test stimulus or sample, generating a
molecular signature or fingerprint corresponding to the
stimulus or sample. By using libraries which include a large
number of variants, it is possible to avoid the limitations in
specificity of any single enzyme. Indeed, by using a large
number of variants with overlapping specificities, it is pos-
sible to get an unambiguous fingerprint from the set of
enzyme activities present in the array, even in the absence of
a single component of the library with sufficient specificity
for classical diagnostic applications.

[0172] In many cases, the library is sufficiently diverse
that it can be used to simultaneously identify multiple
stimuli, e.g., substrates, inhibitors, or effectors in a sample.
This is accomplished by deconvoluting overlapping molecu-
lar fingerprints. In some applications, the library array
consists exclusively of related enzymes capable of detecting
stimuli of a particular class of molecules. Alternatively, the
array consists of a variety of enzyme types, e.g., catalyzing
a diverse set of reactions, to simultaneously detect several
different molecules of interest, e.g., as are present in clinical
fluid or biopsy samples, environmental samples, or the like.

[0173] In some preferred embodiments, the entire array is
assayed using a single detection method. While this presents
certain difficulties when using a heterogenous array, it can be
accomplished, for example, by using a set of enzymes that
give similar or similarly detected products, e.g., an array of
oxidases that yield H,O,. Alternatively, a general electro-
chemical, microcalorimetric or optical detection method can
be employed. Bifunctional detectors, having both binding or
enzymatic activities, and reporter function, are particularly
well suited to the library arrays of the invention.

[0174] The component biopolymers do not necessarily,
themselves, transform the stimulus molecules for detection.
In some cases, members of the arrayed libraries are differ-
entially influenced, positively or negatively, by the presence
of certain, e.g., inhibitor or effector, molecules. In this case,
a particular inhibitor or positive effector generates a finger-
print on the array indirectly by influencing the catalytic
reaction of the arrayed biopolymer.

[0175] 1In brief, diverse libraries of nucleic acids are pro-
duced by assembling natural or artificial variants of a nucleic
acid or family of related nucleic acids, e.g., produced by
recombining, mutagenizing, shuffling or other methods used
to create variants of one or more parental nucleic acid. The
diverse nucleic acids are arrayed, ie., physically and/or
logically organized, or expression products thereof are
arrayed, to produce biopolymer arrays of interest. These
arrays are optionally calibrated by contacting the array or a
subset of the array to a known pattern forming stimulus (a
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molecule, light, heat, protons, etc.), to produce an array
response (e.g., a signal or product). The arrays can then be
contacted with unknown stimuli (e.g., unknown compounds)
to produce a test array response. Comparison of the arrays
response for the known stimulus to the arrays response for
the test stimulus can be used to identify the test stimulus or
stimuli.

[0176] Alternatively, instead of performing a comparative
(e.g., diagnostic) function, the arrays can be used (e.g., in a
re-usable format) to produce a product of interest. That is,
the arrays can be thought of as reactors or reactor elements
for producing products of interest.

[0177] Array responses can be characterized as molecular
signatures or fingerprints (e.g., as in bar-coding strategies,
diagnostic applications, monitoring applications, etc.), as
products, or the like. Any signal from an array or biosensor
can be stored in a database, typically by digitizing and
storing the data in a computer or on computer readable
media.

[0178] Such an indirect approach to detecting a stimulus is
particularly useful, e.g., for the prediction of toxicity effects
or efficacy of pharmaceutical agents. According to the
methods of the invention, it is possible to perform a rapid
spectrum test for, e.g., potential antibiotics or other phar-
maceutical agents of interest. Combinatorial chemical librar-
ies can also be rapidly screened against the array of variants
to identify new specificities. Because the library array is
likely to include functional space accessible to natural
evolution, the array is also useful to predict, and counter,
e.g., in the case of antibiotics, resistance mutations. For
example, with respect to a potential antibiotic, a narrow
spectrum (1.¢., small number of array members responsive to
the stimulus) can indicate that resistance is easily evolved.

[0179]

[0180] The value of capturing multiple signals in parallel
from a systematically varied array of related proteins
ensures a robust system with high precision and broad
sensitivity. Each individual ‘pixel’ (spot of identical proteins
in the array) will typically transduce a signal upon metabo-
lite(s) binding to that particular protein. Some pixels are
very specific for a given metabolite, whereas many confer
promiscuous binding of different degrees to related meta-
bolic compounds. The array, thus, encodes pixels corre-
sponding to a high number of related proteins, each having
its specific signature binding profile. The parallel multi-
plexed information gathered from such array will describe
the combined metabolomic space, even if many, or even
most, of the individual metabolites are unknown. The device
generates a fingerprint of the tested sample, instead of a
specific compound-by-compound reading, per se. The fin-
gerprint can subsequently be convoluted to its individual
substrate vectors, or alternatively (and more attractively) be
used for a heuristically derived correlation with any number
of physiological outputs or disease states. As the data, e.g.,
in a central database, increases, so does the significance of
the prognostic and diagnostic outputs derived from the
device.

[0181] There are several advantages to analyze the
metabolome through pattern recognition instead of as indi-
vidual signals. Firstly, the retrieved information can be
parsed in a central database and the multidimensional infor-
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mation (one dimension for each pixel) can be used to cluster
the sample with other samples from many representative
discase states. The clustering can be done by neural net,
partial least square or the use of any other statistical clus-
tering tool. The output enables prognostic and diagnostic
output from multiparameterized metabolite analysis in real
time. Heuristic analysis of this type does not rely on an
understanding of the disease model or identification of
specific disease markers, but captures the full multidimen-
sional spectrum of metabolite state in the sample as a
function of binding to individual pixels in the array. In
addition, the value and accuracy of the iterative database
will increase as the accumulated data increases.

[0182] Secondly, for measuring individual metabolites,
the individual metabolite does not have to be known or fully
characterized, as long as it is structurally related to ensure
binding to a specific subset of pixels in the array. A negative/
positive validation of the array is done just once and all
subsequent correlation is captured by the internal standard.
Not only does the array identify absence/presence of the
metabolite, but also all indirect effects of the altered metabo-
lite levels is identified and used to validate the change.

[0183] Thirdly, internal standards can be included directly
in the device. The quality of the array can be assessed by
comparing the derived signal from pixels directed to the
internal control with the signal from the pixels directed to
the compounds of interest.

[0184]

[0185] The following exemplary applications are provided
to illustrate the breadth of applicability of the methods of the
invention, and should not be interpreted as limiting in scope
or content.

[0186]

[0187] The lLibraries of the invention can be arrayed to
form a biosensor, ¢.g., a “nose,” which can be used to
characterize/measure a broad spectrum of organic and non-
organic molecules such as pheromones, chemical or bio-
logical warfare agents, hormones, proteins, etc. A sample of
interest is added across the members of the array, which can
be either a logical or a physical array of library members.
Optionally, contact of the sample and array is followed by a
washing step, depending on the precise format of the array.
Binding is detected by a signal change (e.g., “on,”“off,
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increase,”“decrease,” ete.) at the binding array sites.

[0188] The biosensor is optionally composed of proteins
or nucleic acids (DNA/RNA). Examples include olfactory
receptor proteins, antibodies, lipocalins, phosphotrans-
ferases, permeases, transcription factors (e.g., small mol-
ecule regulated transcription factors), adhesion amplifiers,
receptors and any other protein, DNA or RNA molecule that
binds to a small molecule, protein, polymer or other com-
pound to be asayed.

[0189] Binding can be measured by allosteric activation of
enzymes, changes in redox potential, opening of an ion
channel, any cellular signal transduction mechanism or by
physical methods such as surface plasmon resonance.

[0190] In certain applications, a single library member,
e.g., selected from a diversified library of variants, e.g.,
produced by shuffling or other diversification procedures,
can itself be used as a “biosensor.” In cases where a single

Exemplary Applications

Biosensors
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member of a library exhibits sufficient specificity and, either
directly or indirectly, sufficient signal amplitude when
linked to a suitable detector, a library member can be used
outside the context of a library array to detect a stimulus. In
most cases, such applications will be dedicated biosensors
specific for a single, or small set of related compounds of
interest, e.g., environmental toxins, biological warfare
agents, serum components (e.g., glucose, ions, proteins,
metabolic products, etc.), or the like.

[0191]

[0192] An array including activity diversity can be used to
characterize constituents of a sample. In a manner analogous
to the characterization of the functional limitations of indi-
vidual members of a library using a set of substrates, the
library as a group (or subgroup) can be utilized to profile the
structural limitations, or components, of a sample or set of
substrates. For example, a logical or physical array of
enzymes can be used to acquire and characterize a finger-
print, i.e., a resulting array pattern or response, for a set of
substrate molecules. The library arrays are conveniently
categorized as either Single enzyme class (SEC) arrays or
Multiple enzyme class (MEC) arrays. SEC arrays are com-
posed of libraries of enzymes active on a certain class of
molecular substrates. Typically, such libraries provide a
complement of specificities that result in a fingerprint for
each different substrate. By providing numerous, and, typi-
cally, overlapping, specificities, small differences can be
detected between substrate molecules, enabling highly accu-
rate diagnostic systems. Detection is readily performed
using, e.g., microcalorimetry, electrochemical or optical
detection methods, or physical partitioning on the nanoscale,
e.g., in microfluidic or solid state devices.

[0193] In contrast, MEC arrays catalyze distinctly differ-
ent reaction that may or may not give rise to a common
product. For example, MEC arrays include enzymes which
catalyze product formation from different classes of sub-
strates (which can be related or unrelated), or catalyze the
formation of different products from the same or related
substrates. In some cases, MEC arrays are made up of
multiple sets of diverse sub-libraries, including, e.g., SEC
array libraries.

[0194] The use of multiple specificities from the library
improves the accuracy of the procedure or system. Similarly,
multiple simultaneous assays using the arrayed library
improves the reliability. Libraries can be produced that
detect a stimulus or class of stimuli either directly, e.g., by
the catalytic conversion of the stimulus to a detectable
product, or indirectly, e.g., by the modulating effect of the
stimulus on the enzymatic activity of one or more library
member. In some cases, cascade systems, e.g., in vivo
activation of a reporter, can be used to increase sensitivity.

[0195] Tt will be apprecicated that enzyme libraries, such
as the SEC and MEC libraries described above, can also be
screened, e.g., in the context of an array, to identify a
catalytic activity of interest (such as substrate binding,
conversion of substrate to product, production of a com-
pound of interest, and the like). An array of potential
catalysts can be bound to a surface. The substrate of interest
is applied to the array. Where catalysis is observed (heat/
reduction potential/electrical change/colour, etc.) the protein
is retrieved from storage and studied in more detail.

Sample Profiling Using Enzyme Arrays
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[0196]

[0197] Among the more widespread uses of the arrays of
the invention are applications involved in medical, environ-
mental and industrial diagnostic procedures and tools. For
example, the libraries and arrays of the invention can be
utilized in clinical biomedical applications, biomedical
rescarch, veterinary biomedical applications, and the like.
Arrays useful in diagnostic (including prognostic) proce-
dures include, e.g., libraries of enzymes (either SEC or
MEC) involved in a cellular or metabolic pathway related to
the physiologic or pathologic state defining the diagnosis in
question. In other circumstances, libraries including anti-
bodies, e.g., antibodies specific for one or multiple compo-
nents (or products) of a metabolic or cellular pathway
related to the diagnosis, or antibodies specific for one or
multiple markers indicative of the diagnosis, can be used. In
yet other circumstance, nucleic acid libraries rather than
expression libraries are employed, e.g., to detect the pres-
ence or expression of nucleic acids correlated with the
diagnosis. Numerous array formats are suitable and can be
selected based on the specific diagnostic application.
Examples of compounds that can be detected using biosen-
sor arrays and/or array configurations of the invention
include blood-glucose, ions, cytokines, cytokine receptors
(at picogram/millileter sensitivity), antibodies, antigens
(immunosensors), disease markers (e.g., as shown in Table
2), hormones (e.g., indicative of pregnancy, fertility, etc.),
narcotics, steroids. viruses, bacteria, feedback regulators,
food/beverage components, small molecule environmental
compounds, metals (e.g., heavy metals), biological or
chemical warfare agents, pharmaceutical agents, etc. Addi-
tional examples are provided throughout the specification.

[0198] In addition, in some biosensor formats, such non-
chemical stimuli as temperature, sound, ultrasonic stimuli,
mass, optical (i.c., light) and electrical (e.g., conductance)
stimuli related to diagnostic and/or environmental state or
condition can be detected.

[0199] For example, the arrays of the invention can be
used for the detection of protein biomarkers associated with
a disease, or other physiological condition, e.g., from cere-
brospinal fluid, blood, biopsy samples. An array of binding
proteins can be produced to provide detection of Alzhe-
imers, hypertension, tumour identification etc. Direct detec-
tion of the presence or absence of specific protein variants
(i.e., direct protein polymorphism/allele detection) can also
be performed.

[0200] While any of a variety of array and detection
formats as described herein are applicable for medical
diagnostic applications, to simplify administration of a diag-
nostic test, certain formats are favorably employed. For
example, where proteins are entrapped in a tape/capsule/
dipstick or the like, the component can be dropped into a
container of material to be sampled (urine, blood. etc.). This
can be used to provide a home pregnancy test, or any other
diagnostic assay that can be developed, including those
noted herein. Any of the other detection techniques
described can be also used in this format. A capsule can be
dropped into a sample, with the color change recording, e.g.,
glucose level, pregnancy state, drug usage, estrous cycle,
ete.

[0201] Similarly, the arrays of the invention are useful in
environmental diagnostic procedures and tools, i.e., proce-

Medical or Environmental Diagnostics
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dures aimed directly or indirectly at the detection of one or
more chemical composition in an environment. In this
context, an environment is generally considered other than
the subject of a medical (including veterinary) diagnostic
procedure, i.¢., other than a human or non-human animal. It
will be understood, however, that the distinction between
medical and environmental diagnostics is largely a matter of
convenience and is not based on limitations either in the
array format or subject or sample under consideration. For
example, the diagnosis of plant pathogens in a crop growing
in under field conditions, evaluation of laboratory animals
utilized as monmitors for environmental toxins or pathogens,
and monitoring the metabolic status of fungal (e.g., yeast) or
bacterial cultures growing in a fermentor, as well as numer-
ous other diagnostic applications fall clearly within the
purview of the present invention as the following examples
illustrate.

[0202] Process controllers can be used in the context of an
industrial process determine components present in the
product flow or waste stream for the process. The arrays of
the invention can be used for such purposes, for example by
monitoring accumulation of desired products (¢.g., metabo-
lites, reaction products, etc.), by-products or contaminants
produced during an industrial process such as fermentation,
refining, chemical production, etc. The arrays can also be
used for feedback control of a complex reaction (fermenta-
tion media adjustment, sulfur levels in oil crackers, dioxins/
C0,/S0,, in combustion effluents, etc.). Detection of impu-
rities can be performed using an array, such as detection of
agents that cause catalyst poisoning or unwanted byproducts
(unwanted enantiomers/isomers, etc.).

[0203] The arrays can be also be used for environmental
monitoring, ¢.g., detection of dangerous pollutants such as
ozone/smog in cities (or, for that matter, more toxic com-
pounds such as cyanogen bromide). Specific sensors can be
placed, e.g., around a factory (e.g., designed to detect
whatever the factory is making/storing), or can be placed in
agricultural contexts to measure pesticides, methane, methyl
bromide (e.g., in strawberry fields), etc. Similarly, the arrays
can be utilized for environmental monitoring in such varied
contexts as the military sector, security, agriculture etc.

[0204] Insome embodiments, diverse libraries of biopoly-
mers with improved specificities and activities relative to
existing diagnostic reagents are produced by DNA shuffling
or other nucleic acid diversification procedures. If desired,
novel characteristics related to diagnostic activity or speci-
ficity can be identified, e.g., screened, from among the
members of the library.

[0205] If the diversity of binding specificities in the array
is appropriate, the array can be used to analyze a sample for
multiple components in a sample. In cases where the binding
specificities of materials to the array are known, array
positions can be directly tied to a specific chemical signal.
In the case of uncharacterized proteins, the arrays would be
challenged with various stimuli and the pattern of response
would be recorded. With multiple challenges, a map of
responses could be derived empirically which would char-
acterize the array. For each array design, a specific pattern of
responses corresponds to a particular chemical “signature.”
This can be trained into the imaging/analysis system and
used to analyze replicate arrays. This is useful for disease
diagnosis, nutrient analysis and can lead to a better under-
standing of diseases and methods of treatment.
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[0206] The following list provides exemplary discase con-
ditions, and putative markers amenable to detection using
the biosensors of the present invention. It will be understood
that this list is far from exhaustive, and is presented merely
to provide a subset of illustrative examples.

TABLE 2

EXEMPLARY DISEASE CONDITIONS AND MARKERS

Disease or Disease State Markers

Congestive heart failure N-acetylaspartate, creatine, choline,
myosinositolm, serum uric acid, serum
creatinine

plasma procollagen type III amino-
terminal peptide

brain natriuretic peptide (BNP)
Prostate Specific Antigen, other cancer
specific antigens, altered blood cell
count, e.g., white blood cell,

platelets, etc.

atrial natriuretic peptide, brain
natriuretic peptide, quinolinic acid,
pyruvate

palmitic (16:0) and palmitoleic (16:1)
acids, linoleic acid (18:2 n6) and
HDL-cholesterol, alfa-linolenic acid

Myocardial fibrosis

Cardiotoxicity
Cancer

Brain/CNS function

Endothelial function

(18:3 n3)

Atherosclerosis F(2)-isoprostanes, arachidonic acid,
homocysteine

Ischaemia (HCY), serum vitamin C concentration,
hypoxanthine

Ischaemia-reperfusion injury
Inflammatory vascular disease
Peripheral arterial discase
Hepatitis/liver function bilirubin, hyaluronic acid (HA),
tyrosine, branched-chain amino acids,
aromatic amino acids, urinary
porphyrins

creatinine, creatine, uric acid, and p-
aminohippuric acid. Urea or blood
urea nitrogen (BUN), Bicarbonate,
glucose

urinary pyridinoline, urinary de-
oxypyridinoline, hydroxyproline, serum
or urine calcium, serum or urine
phosphate, Parathyroid hormone, 1,25-
dihydroxyvitamin D3, osteocalcin, and
C-terminal type I procollagen peptide,
YKLA40 glycoprotein

homovanillic acid, 5-hydroxyindole-
acetic acid, and 3-methoxy-4-hydroxy-
phenylflycol, dopamine, serotonin,

and norepineophrine

Skin mycophenolate mofetil, mycophenolic
acid

nitric oxide, [L6, corticosterone, serum
amyloid A protein, creatine protein
IL-1, cellular caspase inhibitory protein,
vascular cell adhesion molecule 1,
metalloproteinases, F2 isoprostanes,
prostoglandin F(2a), prostoglandin
E(2), dihydroxyvitamin D

histamine, eosinophil cationic protein
N-acetyl-asparate, creatine, choline and
myo-inositol, N-acetylcyesteine con-
jugates of valproic acid in urine,

Renal function

Bone formation/resorption/
breakdown

Mental illness/depression

Multiple sclerosis

Rheumatoid Arthritis

Allergy
General health

[0207] Detection of Secondary Metabolites at Low Con-
centrations.
[0208] Many substances of pharmaceutical importance are

present in the body and blood at pico- or femtomolar
concentrations. These molecules are typically very highly
regulated due to their potent modulatory activity, such that
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a 2 to 10 fold increase in concentration has a therapeutically
relevant physiological effect. In general, these molecules can
be catogorized into a small number of classes: corticoster-
oids, prostagladins, eicosanoids, and peptide hormones (e.g.,
insulin, substance P, etc.).

[0209] Quantification of these molecules in vivo is par-
ticularly difficult for a number of reasons. Firstly, the ste-
reochemistry and positional isomers of otherwise identical
molecules give very different physiological responses and
must, therefore, be distinguished. Secondly, these molecules
tend to be hydrophobic and, therefore, their circulating
blood concentration is very low, and frequently does not
represent the physiologically relevant concentration at a
relevant receptor or in a relevant membrane. Thirdly, the low
concentration of these molecules leads to statistical sam-
pling problems. For example, glucose monitoring is often
performed on ~1 ul of blood, but 1 ul of a femtomolar
solution contains approximately a couple of hundred mol-
ecules of the analyte (for example: 10751°-/6x10%%).
Accordingly, small variations in volume have huge affects
on the number of molecules available for analysis, which
leads to larger percentage variations in the signal. In addi-
tion, a couple of hundred detectable molecules provide a
very small signal unless there is, e.g., a very large amplifi-
cation and/or a very selective sensor.

[0210] The methods and devices of the present invention
take advantage of the same system that an organism, e.g., a
human body, uses to respond to these stimuli, by utilizing the
binding properties of hormone receptors while modifying
the output to yield an electrically or optically detectable
signal.

[0211] In conjunction with the sensor platforms described
herein, the following adaptations facilitate detection of
hydrophobic analytes, such as the steroids described above.
A comparatively large (1 ml) blood sample is collected, and
contacted with a pre-concentration “pad” or membrane. As
these molecules are hydrophobic, when passed over a suit-
able lipid bilayer membrane (or a polymer with similarly
amphoteric characteristics), the analytes will concentrate in
this membrane. Once the sample has been captured, the
analytes are eluted as a concentrated bolus by an addition of
detergents, organic solvents, chaotropes or the like. The
eluted fraction is then applied to the array of sensing
molecules.

[0212] Most of these hormones interact with either a
G-protein coupled protein receptor or a nuclear hormone
receptor. For example, G-protein coupled receptors are
transmembrane proteins. For use in a sensing device, G-pro-
tein coupled receptors can be diversified and selected, e.g.,
shuffled, for activity and stability in a lipid bilayer mem-
brane or inexpensive artificial membrane or membrane
mimic, which allows diffusion of the proteins. In this man-
ner, activity is retained that would otherwise be lost due to
denaturation of the protein and adsorption onto the sensor
surface.

[0213] Typically, these receptors respond to analyte bind-
ing in one of a small number of ways, e.g., for example they
multimerize to form an open ion channel, or phosphorylate
a kinase domain, thereby becoming catalytically active.

[0214] For example, in the case of receptors which act as
ion channels, the receptor is manipulated, e.g., for screening
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and selection and under functional conditions, e.g., in a
sensing device, in a hydrophobic environment such as a
membrane, which is impermeable to ion flow, and placed
over an electrode. In the presence of the analyte the channel
opens allowing ions (Ca*™, K* or the like) to flow to the
electrode surface. This can be measured as a current flow. In
order to optimize the signal, the receptor is selected for an
unregulated opening (i.c., a single binding event leads to
permanent channel opening).

[0215] 1In the case of kinases, e.g., tyrosine kinases, fol-
lowing phosphorylation in response to analyte binding, the
kinase domain becomes catalytically active. The membrane
can contain either an optically detectable (colorigenic, fluo-
rogenic, luminogenic, etc.) substrate or an electrochemically
active substrate, the product of which is detected at the
underlying electrode. Alternatively, a different catalytic
domain (e.g., with an simple assay such as a colorigenic,
fluorogenic, luminogenic, ete. output) can be exchanged for
the kinase domain, and optimized as desired.

[0216] Nuclear hormone receptors are small soluble intra-
cellular proteins that change conformation upon ligand
binding, this conformational change activates a DNA bind-
ing domain (often with dimerization) and initiates binding to
a specific signal sequence in a target DNA modulating
transcription of down-stream effector genes. Because these
proteins bind to their ligand in solution they can be conve-
niently used in a multiplexed assay. All the receptors are
pooled beneath a membrane, which is exposed to the col-
lected sample. The analytes of interest diffuse through the
membrane and bind to the receptor. The activated receptors
then bind to their specific DNA sequence. Specific DNA
sequences for all the receptors in the pool (along with, ¢.g.,
controls, etc.) are spotted on the surface of the detector at the
base of the membrane bubble in a normal microarray format.
The position at which the receptor binds is measured by
standard methods (displacement of quenched fluorescent
oligos, electrochemical change, etc.). The analyte is deter-
mined by the position of the response and the concentration
by the level of response.

[0217] Alternatively, these nuclear hormone receptors can
be engineered to form an active catalytic unit on dimerisa-
tion (either by bringing together the two halves of the protein
or by conformational switch). Similarly, a FRET response is
used to measure dimerization.

[0218]

[0219] A battery of easily detectable chemical and physi-
cal micro-tests can be used as predictors of application
performance, e.g., of a pharmaceutical lead compound. For
example, a battery of assays based, e.g., on effects on a
library of protein variants of the invention, for example, due
to binding, substrate conversion, conformational change,
ete,, can be used to generate an identifying profile or
“fingerprint” for a compound. The correlation between per-
formance, e.g., biochemical or physiological activity of the
compound, and fingerprint data can then be determined.
Minimal predictive fingerprint profiles are then utilized for
screening a collection of compounds, such as a combinato-
rial chemical library for effects on a library of protein
variants.

[0220] For example, multiple different factors affect the
way a small molecule performs as a pharmaceutical agent or

Sample Profiling to Predict Complex Properties.
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drug. Solubility, size, charge, positions of different active or
structural groups, effect of pH on these or other properties,
etc., as well as numerous other factors, all play a role in
determining whether a pharmaceutical candidate molecule
will in fact be suitable as a drug. Accordingly, a great deal
of effort is expended in pharmaceutical discovery to develop
an assay or model system that mimics the biological system
of interest, such as a human being suffering from a specified
disease. Such test systems tend to be low throughput due to
the amount of care required to insure that the assay repro-
duces relevant features of the biological system.

[0221] The methods and arrays of the invention provide
surrogate assays that can be performed at high-throughput
and low cost. To illustrate, consider the example of a
subtilisin protease. A single subtilisin protease performs
differently at different pH, at different temperature, in dif-
ferent solvents, in the presence of different detergents, and
on different substrates. None of these alone are good gen-
eralizable criteria for determining the ability of the protease
to remove stains on clothes in a washing machine. However,
all of the properties that are important for the desired
application are measured in the simple assays corresponding
to, e.g., pH, temperature, solvent or detergent conditions,
and the like. Each of the simple assays can be treated as
different dimensions, as can the more complex final assay.
These dimensions can then be subjected to statistical analy-
sis using such tools as principal component analysis. Sig-
nificant components are those that distinguish between sub-
tilisin variants that perform well in the wahing machine and
those that do not. It is important that the statistical evaluation
be able to distinguish between relevant and irrelevant infor-
mation, in general the strength if the evaluation is increased
by the presence of both good and poor performers in the
sample set. The greater the number of variants present in an
initial sample set, the greater the power of the statistical
analysis, and, thus, the ability to distinguish between factors
with good predictive value, and those with lesser predictive
value.

[0222] Another example is to test candidate small mol-
ecules from a combinatorial (or in silico) library for their
abilities to inhibit or stimulate multiple different enzymes, to
inhibit or stimulate various signal transduction pathways, to
induce protein toxicity indicators, and for their abilities to
interact with an array of proteins, e.g., protein variants. The
candidates are contacted with libraries of enzymes, signal
transduction pathway components, etc., and binding is
evaluated. Principle component analysis or other multivari-
ate analysis method can be utilized as described in the
example above to identify candidates that exhibit a binding
or other interaction spectrum with members of the arrayed
libraries, that correlate with compounds that perform well as
drugs. In one approach, the small molecule candidates are
evaluated in silico for interactions with a series of proteins,
for example proteins for which the structure has been
deduced by in silico protein folding algorithms, and the like

[0223]

[0224] The action of a pharmaceutical compound is
dependent on the changes that the compound causes to take
place in the metabolism of an organism, e.g., within a cell.
Both the positive effects, as well as undesired side effects,
can often be related to changes in protein states (amount of
protein present, protein localization, post-translational

Drug Discovery
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modification, etc.) which lead to other effects such as gene
expression, opening or closing of ion channels, cell differ-
entiation, etc. Development of new therapeutic agents often
focuses on generating new compounds that maximize
changes within a cell that are responsible for the desired
therapeutic effects, while minimizing the cellular effects that
lead to undesired side-effects. It is, therefore, of great
interest to know the state of proteins within a cell upon
treatment with a potential therapeutic candidate. Since
mRNA levels often do not correlate well with corresponding
protein levels, analysis of the protein composition within a
cell, rather than simple expression profiling of RNA is a
more relevant indication of the effect of a compound on a
biological system, e.g., a cell or organism. In addition,
mRNA expression analysis is prohibitively expensive to
perform in high-throughput. In addition, many early cell-
signaling events involve changes in protein localization or
modification, e.g., phosphorylation, rather than the induction
of RNA transcription.

[0225] The present invention provides methods for ana-
lyzing the protein complement of a cell. In one approach,
extracts of cells treated with a potential therapeutic com-
pound are bound in an array, e.g., on a microtiter plate
treated to non-specifically bind protein. Protein can be
bound by a variety of methods, depending on the substrate,
including, e.g., electrostatic effects, or contact with func-
tional groups on the solid surface which react with the
protein to form covalent attachments. After the cellular
proteins have been attached to the substrate, the soluble
fraction of the extract is removed. If desired, the wells are
washed, generally with a buffer, such as phosphate buffered
saline (PBS). Additional blocking procedures, for example,
using bovine serum albumin (BSA), can optionally be
employed to prevent non-specific binding to sites on the
surface of the substrate unoccupied by cellular proteins.

[0226] Each sample, e.g., each well on the microtiter plate
or each of a sct of duplicate wells containing the same
cellular sample, is then contacted with a biosensor array of
the invention. For example, using available instrumentation
such as a Q-bot or other commercial instrumentation avail-
able to apply an array of proteins, e.g., with a range of
binding specificities. Proteins suitable for this purpose
include, antibodies with varying specificities for cellular
proteins, receptors, lipocalins, other ligand-binding proteins,
enzymes with protein or peptide substrates, and the like. A
number of detection systems are suitable for evaluating
binding of the biosensor library to the cellular proteins, as
described in detail herein. For example, in the case of an
antibody array, detection can be performed by such well
established procedures as an enzyme-linked immunosorbent
assay (ELISA). For additional details regarding application
of ELISAs in a micro-array format, including performing
multiple tandem assays in a single well of a microtiter plate,
see, e.g., Mendoza et al. (1999) BioTechniques 27:778-788.
To facilitate quantitation and/or detection, each of the anti-
bodies contributing to the array can be generated in the same
organism, e.g., a mouse. Where desired, e.g., to amplify
signal, a secondary antibody conjugated to a reporter, e.g.,
biotin, IHRP, etc., can be applied. In this manner a diverse
array of binding specificities can be used to characterize
potential drug candidates. If desired, candidates can be
analyzed in a rapid pre-screen using an array of binding
proteins that is chosen to correlate with a particular phar-
maceutical agent or class of agents.
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[0227]

[0228] In another approach to drug discovery, arrays of
gene variants of proteins relevant to detoxification (e.g.,
cytochrome P450s, including human P450s) are used to
screen pharmaceutical candidates for potential toxicity.

[0229] Artificial Metabolism.

[0230] The biopolymer library arrays of the invention can
be used to generate and identify novel metabolic pathways.
For example the library arrays of the invention can be
assayed for the ability to generate a signal or response
indicative of utilization of a novel energy, e.g., carbon,
source, thereby identifying library members with novel
enzymatic activities relative to energy metabolism. Simi-
larly, a wide range of enzymatic attributes can be elucidated,
including substrate usage, cofactor usage, product genera-
tion. A significant benefit, of this approach to metabolic
engineering, is the ability to engineer production hosts that
are capable of generating the desired product while bypass-
ing cellular metabolism in a way that minimally interferes
with viability while simultaneously maximizing production.
Likewise, the library arrays are useful in identifying enzy-
matic components that minimize crosstalk between meta-
bolic pathways in order to eliminate a significant drain on
input resources.

[0231] Protein Reagents for Research and Development
Applications

[0232] Arrays of biopolymer libraries can be screened to
identify characteristics that provide improved tools to accel-
erate discovery in biotechnology. For example, the arrayed
libraries can be screened for novel restriction enzymes with,
e.g., desired or improved specificity, activity, or reaction
conditions. Similarly, the libraries can be used to identify
DNA and RNA polymerases with increased fidelity, mono-
mer specificity, or altered condition dependence. Many other
enzyme activities, including ligases, endo- and exo-
nucleases, recombinases, integrases, etc. can also be iden-
tified by screening the arrays of the invention.

[0233] For example, “designer restriction enzymes,” i.c.,
novel restriction enzymes with desired properties, e.g., novel
or desired recognition sites, reaction conditions, etc., can be
produced by directed evolution, e.g., shuffling. For example,
one class of desirable restriction enzymes includes restric-
tion enzymes that recognize long stretches of triplet repeats
(c.g., as in many disease markers) and cleave them, but
which do not cleave short stretches of such repeats. Restric-
tion enzymes that recognize DNA superstructure (loops,
triple helices, knots, histone or other protein induced super-
structures, etc.) and cleave them can be produced This
provides more choices in restriction enzyme design (c.g.,
entirely new classes of enzymes) for cloning flexibility,
improved rates and specificities, formation of novel 3, 4, 5,
6, 7, and 8-base cutters, improved stability, etc. Restriction
enzymes that cut and ligate specifically (e.g. recombinases

like integrases/transposases: flp, cre/lox) can also be pro-
duced.

[0234] New polymerases can also be made, including
those with high or low temp activity, high fidelity, low
fidelity, even incorporation of unnatural bases, thermosta-
bility, Non-specific end addition (increased or decreased),
activity or inactivity in the presence of impurities (e.g.
humic acid, DMSO, ethanol, etc.), or the like.

Toxicity Screening
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[0235] Other enzymes/applications include new DNA
ligases, enzymes with improved (or decreased) stability,
thermostability, activity, improved activity for blunt-ended
ligation, biotin ligase activity, co-factor regeneration, speci-
ficity, higher turnover, lower Km, disease diagnostics, etc.

[0236]

[0237] The directed evolution, ¢.g., shuffling, procedures
described herein can also be used to produce protein modi-
tying enzymes (e.g., proteases, lipases, glycosidases, etc.) or
other proteins that modify proteins of interest, such as those
linked to disease states with high sequence or structural
selectivity. By evolving modifying enzymes specific for a
protein of interest, it is possible to activate or destroy protein
of interest, specifically modify target proteins to make them
more visible/sensitive to the immune system, detect pres-
ence of specific protein variant (e.g., direct protein poly-
morphism/allele detection), etc., in a regulated manner.

[0238]

[0239] In another application, libraries of fusion proteins
physically or logically arrayed can be screened to identify
fusion proteins with improved or optimized properties.
Often, the linking of proteins (or polypeptides correspond-
ing to a subportion of a protein) results in a decrease in one
or more desirable activities due to the imperfect spatial
arrangement of the domains of the fusion protein (or due to
the addition of an affinity tag). Members of a library of
diversified fusion proteins can be evaluated to identify
fusion proteins with improved or optimized properties, e.g.,
increased catalytic activities, increased substrate binding,
altered sensitivity to an inducer or inhibitor, etc.

[0240]

[0241] Similarly, reporter genes/reporter systems can also
be selected from a diversified library for any desired activity
modification. Likewise, diagnostic antibodies can be pro-
duced (for extensive details on antibody shuffling see, ¢.g.
Karrer et al., “Antibody Shuffling” WO 01/32712, published
May 10, 2001) using the methods of the present invention,
as described herein.

[0242]
[0243]

[0244] The nucleic acid variants comprising and/or encod-
ing biosensor biopolymers, biosensor components, array
components, or libraries of biopolymers of the invention can
be produced or assembled in a number of ways. Random or
selected sequences from one or more organism known or
suspected to possess a particular trait relevant to the detec-
tion of a stimulus or set of stimuli can be arrayed for use in
the present invention. Similarly, groups of naturally occur-
ring related nucleic acids, or proteins, e.g., encoded by the
related nucleic acids, can be arrayed for use in the methods
of the invention. For example, multiple members of a gene
family, and/or cognate genes from multiple species, are
naturally occuring nucleic variants.

[0245] In many cases, however, improved precision,
specificity, affinity, avidity, discrimination properties or the
like, relative to that available through the use and expression
of naturally occurring nucleic acids, is desirable. In such
cases, the libraries of the invention are produced by diver-
sification of naturally occurring or synthetic nucleic acids, to

Protein- or Site-Specific Enzymes
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Diversifying Nucleic Acids
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produce a library of nucleic acid variants. In some applica-
tions, e.g., detection of nucleic acids corresponding to a
strain or substrain of bacteria or other organism, the diver-
sified nucleic acid variants are themselves arrayed in the
methods of the invention. Alternatively, expression products
encoded by the diverse population of nucleic acids, are
arrayed and serve as the bio-detectors of the invention.

[0246] A variety of diversity generating protocols are
available and described in the art. The procedures can be
used separately, and/or in combination to produce one or
more variants of a nucleic acid or set of nucleic acids, as well
variants of encoded proteins. Individually and collectively,
these procedures provide robust, widely applicable ways of
generating diversified nucleic acids and sets of nucleic acids
(including, e.g., nucleic acid libraries), e.g., for use in the
libraries and arrays of the present invention and for the
engineering or directed evolution of nucleic acids, proteins,
pathways, cells and/or organisms with new and/or improved
characteristics.

[0247] While distinctions and classifications are made in
the course of the ensuing discussion for clarity, it will be
appreciated that the techniques are often not mutually exclu-
sive. Indeed, the various methods can be used singly or in
combination, in parallel or in series, to access diverse
sequence variants.

[0248] Following diversification, any nucleic acids which
are produced can be selected for a desired activity. In the
context of the present invention, this can include testing for
and identifying any activity that can be detected e.g., in an
automatable format, by any of the assays in the art. A variety
of related (or even unrelated) properties can be assayed for,
using any available assay. Such properties include those
which are useful to the format of the assay, such as enhanced
stability of array members, orientation of protein binding,
improved production, lower cost of manufacture, optimal
activity of expressed members which comprise a tag, over-
expression mutations, optimized protein folding, permanent
enzyme secretion, improved operators, improved ribosome
binding sites, avidity, selectivity, production of a detectable
side product, and detection limit issues. Of course, activities
of interest also include any activity relevant to the particular
assay or array under developments, e.g., those which relate
to the target of interest.

[0249] Descriptions of a variety of diversity generating
procedures for generating modified nucleic acid sequences
suitable for use in the biosensor arrays and applications
described herein are found in the following publications and
the references cited therein: Soong, N. et al. (2000)
“Molecular breeding of viruses”Nat Gener 25(4):436-439;
Stemmer, et al. (1999) “Molecular breeding of viruses for
targeting and other clinical properties” Tumor Targeting 4:1-
4; Ness et al. (1999) “DNA Shuffling of subgenomic
sequences of subtilisin”Nature Biotechnology 17:893-896;
Chang et al. (1999) “Evolution of a cytokine using DNA
family shuffling”Narure Biotechnology 17:793-797; Min-
shull and Stemmer (1999) “Protein evolution by molecular
breeding” Current Opinion in Chemical Biology 3:284-290,
Christians et al. (1999) “Directed evolution of thymidine
kinase for AZT phosphorylation using DNA family shuf-
fling”Nature Biotechnology 17:259-264; Crameri et al.
(1998) “DNA shuffling of a family of genes from diverse
species accelerates directed evolution”Nature 391:288-291;
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Crameri et al. (1997) “Molecular evolution of an arsenate
detoxification pathway by DNA shuffling,”Nature Biotech-
nology 15:436-438; Zhang et al. (1997) “Directed evolution
of an effective fucosidase from a galactosidase by DNA
shuffling and screening”Proc. Natl. Acad. Sci. USA 94:4504-
4509; Patten et al. (1997) “ Applications of DNA Shuftling to
Pharmaceuticals and Vaccines”Current Opinion in Biotech-
nology 8:724-733; Crameri et al. (1996) “Construction and
evolution of antibody-phage libraries by DNA shuffling”Na-
ture Medicine 2:100-103; Crameri et al. (1996) “Improved
green fluorescent protein by molecular evolution using DNA
shuffling”Nature Biotechnology 14:315-319; Gates et al.
(1996) “Affinity selective isolation of ligands from peptide
libraries through display on a lac repressor ‘headpiece
dimer”Journal of Molecular Biology 255:373-386; Stem-
mer (1996) “Sexual PCR and Assembly PCR” In: The
Encyclopedia of Molecular Biologv. VCH Publishers, New
York. pp.447-457; Crameri and Stemmer (1995) “Combina-
torial multiple cassette mutagenesis creates all the permu-
tations of mutant and wildtype cassettes”Biolechniques
18:194-195; Stemmer et al., (1995) “Single-step assembly of
a gene and entire plasmid form large numbers of oligode-
oxy-ribonucleotides”Gene, 164:49-53; Stemmer (1995)
“The Evolution of Molecular Computation”Science 270:
1510; Stemmer (1995) “Searching Sequence Space”Bio/
Technology 13:549-553; Stemmer (1994) “Rapid evolution
of a protein in vitro by DNA shuffling”Nature 370:389-391;
and Stemmer (1994) “DNA shuffling by random fragmen-
tation and reassembly: In vitro recombination for molecular
evolution.”Proc. Natl. Acad. Sci. USA 91:10747-10751.

[0250] Mutational methods of generating diversity
include, for example, site-directed mutagenesis (Ling et al.
(1997) “Approaches to DNA mutagenesis: an overview”A-
nal Biochem. 254(2): 157-178; Dale et al. (1996) “Oligo-
nucleotide-directed random mutagenesis using the phospho-
rothioate method”Methods Mol. Biol. 57:369-374; Smith
(1985) “In vitro mutagenesis”Ann. Rev. Genet. 19:423-462;
Botstein & Shortle (1985) “Strategies and applications of in
vitro mutagenesis”Science 229:1193-1201; Carter (1986)
“Site-directed mutagenesis”Biochem. J. 237:1-7, and
Kunkel (1987) “The efficiency of oligonucleotide directed
mutagenesis” in Nucleic Acids & Molecular Biology (Eck-
stein, F. and Lilley, D. M. J. eds., Springer Verlag, Berlin));
mutagenesis using uracil containing templates (Kunkel
(1985) “Rapid and efficient site-specific mutagenesis with-
out phenotypic selection”Proc. Natl. Acad. Sci. USA 82:488-
492; Kunkel et al. (1987) “Rapid and efficient site-specific
mutagenesis without phenotypic selection”Methods in Enzy-
mol. 154, 367-382; and Bass et al. (1988) “Mutant Trp
repressors with new DNA-binding specificities” Science
242:240-245); oligonucleotide-directed mutagenesis (Meth-
ods in Enzymol. 100: 468-500 (1983); Methods in Enzymol.
154: 329-350 (1987); Zoller & Smith (1982) “Oligonucle-
otide-directed mutagenesis using M13-derived vectors: an
efficient and general procedure for the production of point
mutations in any DNA fragment”Nucleic Acids Res.
10:6487-6500; Zoller & Smith (1983) “Oligonucleotide-
directed mutagenesis of DNA fragments cloned into M13
vectors”Methods in Enzymol. 100:468-500; and Zoller &
Smith (1987) “Oligonucleotide-directed mutagenesis: a
simple method using two oligonucleotide primers and a
single-stranded DNA template”Methods in Enzymol.
154:329-350); phosphorothioate-modified DNA mutagen-
esis (Taylor et al. (1985) “The use of phosphorothioate-
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modified DNA in restriction enzyme reactions to prepare
nicked DNA”Nucl. Acids Res. 13: 8749-8764; Taylor et al.
(1985) “The rapid generation of oligonucleotide-directed
mutations at high frequency using phosphorothioate-modi-
fied DNA”"Nucl. Acids Res. 13: 8765-8787 (1985); Naka-
maye & Eckstein (1986) “Inhibition of restriction endonu-
clease Nci I cleavage by phosphorothioate groups and its
application to oligonucleotide-directed mutagenesis”Nucl.
Acids Res. 14: 9679-9698; Sayers et al. (1988) “Y-T Exo-
nucleases in phosphorothioate-based oligonucleotide-di-
rected mutagenesis”Nucl. Acids Res. 16:791-802; and Say-
ers et al. (1988) “Strand specific cleavage of
phosphorothioate-containing DNA by reaction with restric-
tion endonucleases in the presence of ethidium bromide-
"Nucl. Acids Res. 16: 803-814); mutagenesis using gapped
duplex DNA (Kramer et al. (1984) “The gapped duplex
DNA approach to oligonucleotide-directed mutation con-
struction”Nucl. Acids Res. 12: 9441-9456; Kramer & Fritz
(1987) Methods in Enzymol. “Oligonucleotide-directed con-
struction of mutations via gapped duplex DNA” 154:350-
367; Kramer et al. (1988) “Improved enzymatic in vitro
reactions in the gapped duplex DNA approach to oligonucle-
otide-directed construction of mutations”Nucl. Acids Res.
16: 7207, and Fritz et al. (1988) “Oligonucleotide-directed
construction of mutations: a gapped duplex DNA procedure
without enzymatic reactions in vitro”Nucl. Acids Res. 16:
6987-6999).

[0251] Additional suitable methods include point mis-
match repair (Kramer et al. (1984) “Point Mismatch Repair-
"Cell 38:879-887), mutagenesis using repair-deficient host
strains (Carter et al. (1985) “Improved oligonucleotide site-
directed mutagenesis using M13 vectors”Nucl. Acids Res.
13: 4431-4443; and Carter (1987) “Improved oligonucle-
otide-directed mutagenesis using M13 vectors”Methods in
Enzymol. 154: 382-403), deletion mutagenesis (Eghtedarza-
deh & Henikoff (1986) “Use of oligonucleotides to generate
large deletions”Nucl. Acids Res. 14: 5115), restriction-se-
lection and restriction-purification (Wells et al. (1986)
“Importance of hydrogen-bond formation in stabilizing the
transition state of subtilisin”Phil. Trans. R. Soc. Lond. A
317: 415-423), mutagenesis by total gene synthesis (Nam-
biar et al. (1984) “Total synthesis and cloning of a gene
coding for the ribonuclease S protein”Science 223: 1299-
1301; Sakamar and Khorana (1988) “Total synthesis and
expression of a gene for the a-subunit of bovine rod outer
segment guanine nucleotide-binding protein (transducin-
)’Nucl. Acids Res. 14: 6361-6372; Wells et al. (1985)
“Cassette mutagenesis: an efficient method for generation of
multiple mutations at defined sites”Gene 34:315-323; and
Grundstrom et al. (1985) “Oligonucleotide-directed
mutagenesis by microscale ‘shot-gun’ gene synthesis”Nucl.
Acids Res. 13: 3305-3316), double-strand break repair
(Mandecki (1986) “Oligonucleotide-directed double-strand
break repair in plasmids of Escherichia coli: a method for
site-specific mutagenesis”Proc. Natfl. Acad. Sci. USA,
83:7177-7181; and Arnold (1993) “Protein engineering for
unusual environments”Current Opinion in Biotechnology
4:450-455). Additional details on many of the above meth-
ods can be found in Methods in Enzymology Volume 154,
which also describes useful controls for trouble-shooting
problems with various mutagenesis methods.

[0252] Additional details regarding various diversity gen-
erating methods can be found in the following U.S. patents,
PCT publications and applications, and EPO publications:
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U.S. Pat. No. 5,605,793 to Stemmer (Feb. 25, 1997), “Meth-
ods for In Vitro Recombination;” U.S. Pat. No. 5,811,238 to
Stemmer et al. (Sep. 22, 1998) “Methods for Generating
Polynucleotides having Desired Characteristics by Iterative
Selection and Recombination;” U.S. Pat. No. 5,830,721 to
Stemmer et al. (Nov. 3, 1998), “DNA Mutagenesis by
Random Fragmentation and Reassembly;” U.S. Pat. No.
5,834,252 to Stemmer, et al. (Nov. 10, 1998) “End-Comple-
mentary Polymerase Reaction;” U.S. Pat. No. 5,837,458 to
Minshull, et al. (Nov. 17, 1998), “Methods and Composi-
tions for Cellular and Metabolic Engineering;” WO
95/22625, Stemmer and Crameri, “Mutagenesis by Random
Fragmentation and Reassembly;” WO 96/33207 by Stem-
mer and Lipschutz “End Complementary Polymerase Chain
Reaction;” WO 97/20078 by Stemmer and Crameri “Meth-
ods for Generating Polynucleotides having Desired Charac-
teristics by Iterative Selection and Recombination;” WO
97/35966 by Minshull and Stemmer, “Methods and Com-
positions for Cellular and Metabolic Engineering;” WO
99/41402 by Punnonen et al. “Targeting of Genetic Vaccine
Vectors;” WO 99/41383 by Punnonen et al. “Antigen
Library Immunization;” WO 99/41369 by Punnonen et al.
“Genetic Vaccine Vector Engineering;” WO 99/41368 by
Punnonen et al. “Optimization of immunomodulatory Prop-
erties of Genetic Vaccines;” EP 752008 by Stemmer and
Crameri, “DNA Mutagenesis by Random Fragmentation and
Reassembly;” EP 0932670 by Stemmer “Evolving Cellular
DNA Uptake by Recursive Sequence Recombination;” WO
99/23107 by Stemmer et al., “Modification of Virus Tropism
and Host Range by Viral Genome Shuffling;” WO 99/21979
by Apt et al, “Human Papillomavirus Vectors;” WO
98/31837 by del Cardayre et al. “Evolution of Whole Cells
and Organisms by Recursive Sequence Recombination;”
WO 98/27230 by Patten and Stemmer, “Methods and Com-
positions for Polypeptide Engineering;” WO 98/27230 by
Stemmer et al., “Methods for Optimization of Gene Therapy
by Recursive Sequence Shuffling and Selection,” WO
00/00632, “Methods for Generating Highly Diverse Librar-
ies,” WO 00/09679, “Methods for Obtaining in Vitro
Recombined Polynucleotide Sequence Banks and Resulting
Sequences,” WO 98/42832 by Arnold et al., “Recombina-
tion of Polynucleotide Sequences Using Random or Defined
Primers,” WO 99/29902 by Arnold et al., “Method for
Creating Polynucleotide and Polypeptide Sequences,” WO
98/41653 by Vind, “An in Vitro Method for Construction of
a DNA Library,” WO 98/41622 by Borchert et al., “Method
for Constructing a Library Using DNA Shuffling,” and WO
98/42727 by Pati and Zarling, “Sequence Alterations using
Homologous Recombination;” WO 00/18906 by Patten et
al., “Shuffling of Codon-Altered Genes;” WO 00/04190 by
del Cardayre et al. “Evolution of Whole Cells and Organ-
isms by Recursive Recombination;” WO 00/42561 by
Crameri et al., “Oligonucleotide Mediated Nucleic Acid
Recombination;” WO 00/42559 by Selifonov and Stemmer
“Methods of Populating Data Structures for Use in Evolu-
tionary Simulations;” WO 00/42560 by Selifonov et al.,
“Methods for Making Character Strings, Polynucleotides &
Polypeptides Having Desired Characteristics;” WO
01/23401 by Welch et al., “Use of Codon-Varied Oligo-
nucleotide Synthesis for Synthetic Shuffling;” and PCT/
US01/06775 “Single-Stranded Nucleic Acid Template-Me-
diated Recombination and Nucleic Acid Fragment Isolation”
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by Affholter. As noted, array-based formats, particularly for
expression of diversified products are also described in the
references above.

[0253] In brief, several different general classes of
sequence modification methods, such as mutation, recom-
bination, etc. are applicable to the present invention and set
forth, e.g., in the references above. Any number of these
procedures can be utilized to generate diverse libraries
suitable for the biosensor arrays, methods and applications
described herein.

[0254] The following exemplify some of the different
types of preferred formats for diversity generation in the
context of the present invention, including, e.g., certain
recombination based diversity generation formats.

[0255] Nucleic acids can be recombined in vitro by any of
a variety of techniques discussed in the references above,
including e.g., DNAse digestion of nucleic acids to be
recombined followed by ligation and/or PCR reassembly of
the nucleic acids. For example, sexual PCR mutagenesis can
be used in which random (or pseudo random, or even
non-random) fragmentation of the DNA molecule is fol-
lowed by recombination, based on sequence similarity,
between DNA molecules with different but related DNA
sequences, in vitro, followed by fixation of the crossover by
extension in a polymerase chain reaction. This process and
many process variants is described in several of the refer-
ences above, €.g., in Stemmer (1994) Proc. Natl. Acad. Sci.
USA 91:10747-10751. Thus, 1n vitro diversification methods
can be used to produce a diverse library of nucleic acids for
use in the biosensor applications of the present invention, or
from which libraries of enzymes or other proteins suitable
for use as biosensors can be expressed.

[0256] Similarly, nucleic acids can be recursively recom-
bined in vivo, e.g., by allowing recombination to occur
between nucleic acids in cells. Many such in vivo recom-
bination formats are set forth in the references noted above.
Such formats optionally provide direct recombination
between nucleic acids of interest, or provide recombination
between vectors, viruses, plasmids, etc., comprising the
nucleic acids of interest, as well as other formats. Details
regarding such procedures are found in the references noted
above. Thus, in vivo recombination methods can be utilized
to produce a diverse library of nucleic acids suitable for use
in the applications described herein.

[0257] Whole genome recombination methods can also be
used in which whole genomes of cells or other organisms are
recombined, optionally including spiking of the genomic
recombination mixtures with desired library components
(e.g., genes corresponding to the pathways of the present
invention). These methods have many applications, includ-
ing those in which the identity of a target gene is not known.
Details on such methods are found, e.g., in WO 98/31837 by
del Cardayre et al. “Evolution of Whole Cells and Organ-
isms by Recursive Sequence Recombination;” and in, e.g.,
WO 00/04190 by del Cardayre et al., also entitled “Evolu-
tion of Whole Cells and Organisms by Recursive Sequence
Recombination.” Such methods can be particularly favor-
able in generating libraries including variants from unchar-
acterized species, e.g., bacterial species capable of growth in
an environment in which a compound of interest such as a
toxin is present, and therefore likely to possess nucleic acids
encoding proteins contributing to metabolism of the com-
pound.
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[0258] Synthetic recombination methods can also be used,
in which oligonucleotides corresponding to targets of inter-
est are synthesized and reassembled in PCR or ligation
reactions which include oligonucleotides which correspond
to more than one parental nucleic acid, thereby generating
new recombined nucleic acids. Oligonucleotides can be
made by standard nucleotide addition methods, or can be
made, e.g., by tri-nucleotide synthetic approaches. Details
regarding such approaches are found in the references noted
above, including, e.g., WO 00/42561 by Crameri et al,,
“Olgonucleotide Mediated Nucleic Acid Recombination;”
WO 01/23401 by Welch et al,, “Use of Codon-Varied
Oligonucleotide Synthesis for Synthetic Shuffling;” WO
00/42560 by Selifonov et al., “Methods for Making Char-
acter Strings, Polynucleotides and Polypeptides Having
Desired Characteristics;” and WO 00/42559 by Selifonov
and Stemmer “Methods of Populating Data Structures for
Use in Evolutionary Simulations.”

[0259] In silico methods of recombination can be effected
in which genetic algorithms are used in a computer to
recombine sequence strings which correspond to homolo-
gous (or even non-homologous) nucleic acids. The resulting
recombined sequence strings are optionally converted into
nucleic acids by synthesis of nucleic acids which correspond
to the recombined sequences, e.g., in concert with oligo-
nucleotide synthesis/gene reassembly techniques. This
approach can generate random, partially random or designed
variants. Many details regarding in silico recombination,
including the use of genetic algorithms, genetic operators
and the like in computer systems, combined with generation
of corresponding nucleic acids (and/or proteins), as well as
combinations of designed nucleic acids and/or proteins (e.g.,
based on cross-over site selection) as well as designed,
pseudo-random or random recombination methods are
described in WO 00/42560 by Selifonov et al., “Methods for
Making Character Strings, Polynucleotides and Polypep-
tides Having Desired Characteristics” and WO 00/42559 by
Selifonov and Stemmer “Methods of Populating Data Struc-
tures for Use in Evolutionary Simulations.” Extensive
details regarding in silico recombination methods are found
in these applications. This methodology is generally appli-
cable to the present invention in providing for generation of
large and diverse nucleic sequence libraries in silico and/or
the generation of corresponding nucleic acids or proteins.
Such methods are of particular use in the development of,
¢.g., multifunctional proteins suitable for use in the biosen-
sor arrays and applications of the present invention.

[0260] Many methods of accessing natural diversity, e.g.,
by hybridization of diverse nucleic acids or nucleic acid
fragments to single-stranded templates, followed by poly-
merization and/or ligation to regenerate full-length
sequences, optionally followed by degradation of the tem-
plates and recovery of the resulting modified nucleic acids
can be similarly used. In one method employing a single-
stranded template, the fragment population derived from the
genomic library(ies) is annealed with partial, or, often
approximately full length ssDNA or RNA corresponding to
the opposite strand. Assembly of complex chimeric genes
from this population is then mediated by nuclease-base
removal of non-hybridizing fragment ends, polymerization
to fill gaps between such fragments and subsequent single
stranded ligation. The parental polynucleotide strand can be
removed by digestion (e.g., if RNA or uracil-containing),
magnetic separation under denaturing conditions (if labeled
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in 2 manner conducive to such separation) and other avail-
able separation/purification methods. Alternatively, the
parental strand is optionally co-purified with the chimeric
strands and removed during subsequent screening and pro-
cessing steps. Additional details regarding this approach are
found, e.g., in “Single-Stranded Nucleic Acid Template-
Mediated Recombination and Nucleic Acid Fragment Iso-
lation” by Affholter, PCT/US01/06775.

[0261] In another approach, single-stranded molecules are
converted to double-stranded DNA (dsDNA) and the
dsDNA molecules are bound to a solid support by ligand-
mediated binding. After separation of unbound DNA, the
selected DNA molecules are released from the support and
introduced into a suitable host cell to generate a library
enriched sequences which hybridize to the probe. A library
produced in this manner provides a desirable substrate for
further diversification using any of the procedures described
herein.

[0262] Any of the preceding general recombination for-
mats can be practiced in a reiterative fashion (e.g., one or
more cycles of mutation/recombination or other diversity
generation methods, optionally followed by one or more
selection methods) to generate a more diverse set of recom-
binant nucleic acids.

[0263] Mutagenesis employing polynucleotide chain ter-
mination methods have also been proposed (see e.g., U.S.
Pat. No. 5,965,408, “Method of DNA reassembly by inter-
rupting synthesis” to Short, and the references above), and
can be applied to the present invention. In this approach,
double stranded DNAs corresponding to one or more genes
sharing regions of sequence similarity are combined and
denatured, in the presence or absence of primers specific for
the gene. The single stranded polynucleotides are then
annealed and incubated in the presence of a polymerase and
a chain terminating reagent (e.g., ultraviolet, gamma or
X-ray irradiation; ethidium bromide or other intercalators;
DNA binding proteins, such as single strand binding pro-
teins, transcription activating factors, or histones; polycyclic
aromatic hydrocarbons; trivalent chromium or a trivalent
chromium salt; or abbreviated polymerization mediated by
rapid thermocycling; and the like), resulting in the produc-
tion of partial duplex molecules. The partial duplex mol-
ecules, e.g., containing partially extended chains, are then
denatured and reannealed in subsequent rounds of replica-
tion or partial replication resulting in polynucleotides which
share varying degrees of sequence similarity and which are
diversified with respect to the starting population of DNA
molecules. Optionally, the products, or partial pools of the
products, can be amplified at one or more stages in the
process. Polynucleotides produced by a chain termination
method, such as described above, are suitable substrates for
any other described recombination format.

[0264] Diversity also can be generated in nucleic acids or
populations of nucleic acids using a recombinational proce-
dure termed “incremental truncation for the creation of
hybrid enzymes” (“ITCHY”) described in Ostermeier et al.
(1999) “A combinatorial approach to hybrid enzymes inde-
pendent of DNA homology”Narture Biotech 17:1205. This
approach can be used to generate an initial a library of
variants which can optionally serve as a substrate for one or
more in vitro or in vivo recombination methods. See, also,
Ostermeier et al. (1999) “Combinatorial Protein Engineering
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by Incremental Truncation,”Proc. Natl. Acad. Sci. USA, 96:
3562-67; Ostermeier et al. (1999), “Incremental Truncation
as a Strategy in the Engineering of Novel Biocatalysts,
"Biological and Medicinal Chemistry, 7: 2139-44.

[0265] Mutational methods which result in the alteration
of individual nucleotides or groups of contiguous or non-
contiguous nucleotides can be favorably employed to intro-
duce nucleotide diversity, e.g., for making biosensors and/or
biosensor arrays. Many mutagenesis methods are found in
the above-cited references; additional details regarding
mutagenesis methods can be found in following, which can
also be applied to the present invention.

[0266] For example, error-prone PCR can be used to
generate nucleic acid variants. Using this technique, PCR is
performed under conditions where the copying fidelity of the
DNA polymerase is low, such that a high rate of point
mutations is obtained along the entire length of the PCR
product. Examples of such techniques are found in the
references above and, e.g., in Leung et al. (1989) Technique
1:11-15 and Caldwell et al. (1992) PCR Methods Applic.
2:28-33. Similarly, assembly PCR can be used, in a process
which involves the assembly of a PCR product from a
mixture of small DNA fragments. A large number of differ-
ent PCR reactions can occur in parallel in the same reaction
mixture, with the products of one reaction priming the
products of another reaction.

[0267] Oligonucleotide directed mutagenesis can be used
to introduce site-specific mutations in a nucleic acid
sequence of interest. Examples of such techniques are found
in the references above and, e.g., in Reidhaar-Olson et al.
(1988) Science, 241:53-57. Similarly, cassette mutagenesis
can be used in a process that replaces a small region of a
double stranded DNA molecule with a synthetic oligonucle-
otide cassette that differs from the native sequence. The
oligonucleotide can contain, e.g., completely and/or par-
tially randomized native sequence(s).

[0268] Recursive ensemble mutagenesis is a process in
which an algorithm for protein mutagenesis is used to
produce diverse populations of phenotypically related
mutants, members of which differ in amino acid sequence.
This method uses a feedback mechanism to monitor suc-
cessive rounds of combinatorial cassette mutagenesis.
Examples of this approach are found in Arkin & Youvan
(1992) Proc. Natl. Acad. Sci. USA 89:7811-7815.

[0269] Exponential ensemble mutagenesis can be used for
generating combinatorial libraries with a high percentage of
unique and functional mutants. Small groups of residues in
a sequence of interest are randomized in parallel to identify,
at each altered position, amino acids which lead to func-
tional proteins. Examples of such procedures are found in
Delegrave & Youvan (1993) Biotechnology Research
11:1548-1552.

[0270] In vivo mutagenesis can be used to generate ran-
dom mutations in any cloned DNA of interest by propagat-
ing the DNA, e.g., in a strain of E. coli that carries mutations
in one or more of the DNA repair pathways. These “mutator”
strains have a higher random mutation rate than that of a
wild-type parent. Propagating the DNA in one of these
strains will eventually generate random mutations within the
DNA. Such procedures are described in the references noted
above.
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[0271] Other procedures for introducing diversity into a
genome, e.g. a bacterial, fungal, animal or plant genome can
be used in conjunction with the above described and/or
referenced methods. For example, in addition to the methods
above, techniques have been proposed which produce
nucleic acid multimers suitable for transformation into a
variety of species (see, e.g., Schellenberger U.S. Pat. No.
5,756,316 and the references above). Transformation of a
suitable host with such multimers, consisting of genes that
are divergent with respect to one another, (e.g., derived from
natural diversity or through application of site directed
mutagenesis, error prone PCR, passage through mutagenic
bacterial strains, and the like), provides a source of nucleic
acid diversity for DNA diversification, e.g., by an in vivo
recombination process as indicated above.

[0272] Alternatively, a multiplicity of monomeric poly-
nucleotides sharing regions of partial sequence similarity
can be transformed into a host species and recombined in
vivo by the host cell. Subsequent rounds of cell division can
be used to generate libraries, members of which, include a
single, homogenous population, or pool of monomeric poly-
nucleotides. Alternatively, the monomeric nucleic acid can
be recovered by standard techniques, e.g., PCR and/or
cloning, and recombined in any of the recombination for-
mats, including recursive recombination formats, described
above.

[0273] Methods for generating multispecies expression
libraries have been described (in addition to the reference
noted above, see, e.g., Peterson et al. (1998) U.S. Pat. No.
5,783,431 “Methods for Generating and Screening Novel
Metabolic Pathways,” and Thompson, et al. (1998) U.S. Pat.
No. 5,824,485 Methods for Generating and Screening Novel
Metabolic Pathways) and their use to identify protein activi-
ties of interest has been proposed (In addition to the refer-
ences noted above, see, Short (1999) U.S. Pat. No. 5,958,
672 “Protein Activity Screening of Clones Having DNA
from Uncultivated Microorganisms™). Multispecies expres-
sion libraries include, in general, libraries comprising cDNA
or genomic sequences from a plurality of species or strains,
operably linked to appropriate regulatory sequences, in an
expression cassette. The cDNA and/or genomic sequences
are optionally randomly ligated to further enhance diversity.
The vector can be a shuttle vector suitable for transformation
and expression in more than one species of host organism,
e.g., bacterial species, eukaryotic cells. In some cases, the
library is biased by preselecting sequences which encode a
protein of interest, or which hybridize to a nucleic acid of
interest. Any such libraries can be provided as substrates for
any of the methods herein described.

[0274] The above described procedures have been largely
directed to increasing nucleic acid and/or encoded protein
diversity. However, in many cases, not all of the diversity is
useful, e.g., functional, and contributes merely to increasing
the background of variants that must be screened or selected
to identify the few favorable variants. In some applications,
it is desirable to preselect or prescreen libraries (e.g., an
amplified library, a genomic library, a ¢cDNA library, a
normalized library, etc.) or other substrate nucleic acids
prior to diversification, e.g., by recombination-based
mutagenesis procedures, or to otherwise bias the substrates
towards nucleic acids that encode functional products. For
example, in the case of antibody engineering, it is possible
to bias the diversity generating process toward antibodies
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with functional antigen binding sites by taking advantage of
in vivo recombination events prior to manipulation by any of
the described methods. For example, recombined CDRs
derived from B cell cDNA libraries can be amplified and
assembled into framework regions (e.g., Jirholt et al. (1998)
“Exploiting sequence space: shuffling in vivo formed
complementarity determining regions into a master frame-
work”Gene 215: 471) prior to diversifying according to any
of the methods described herein.

[0275] Libraries can be biased towards nucleic acids
which encode proteins with desirable enzyme activities. For
example, after identifying a clone from a library which
exhibits a specified activity, the clone can be mutagenized
using any known method for introducing DNA alterations. A
library comprising the mutagenized homologues is then
screened for a desired activity, which can be the same as or
different from the initially specified activity. An example of
such a procedure is proposed in Short (1999) U.S. Pat. No.
5,939,250 for “Production of Enzymes Having Desired
Activities by Mutagenesis.” Desired activities can be iden-
tified by any method known in the art. For example, WO
99/10539 proposes that gene libraries can be screened by
combining extracts from the gene library with components
obtained from metabolically rich cells and identifying com-
binations which exhibit the desired activity. It has also been
proposed (e.g., WO 98/58085) that clones with desired
activities can be identified by inserting bioactive substrates
into samples of the library, and detecting bioactive fluores-
cence corresponding to the product of a desired activity
using a fluorescent analyzer, e.g., a flow cytometry device,
a CCD, a fluorometer, or a spectrophotometer.

[0276] Libraries can also be biased towards nucleic acids
which have specified characteristics, e.g., hybridization to a
selected nucleic acid probe. For example, application WO
99/10539 proposes that polynucleotides encoding a desired
activity (e.g., an enzymatic activity, for example: a lipase, an
esterase, a protease, a glycosidase, a glycosyl transferase, a
phosphatase, a kinase, an oxygenase, a peroxidase, a hydro-
lase, a hydratase, a nitrilase, a transaminase, an amidase or
an acylase) can be identified from among genomic DNA
sequences in the following manner. Single stranded DNA
molecules from a population of genomic DNA are hybrid-
ized to a ligand-conjugated probe. The genomic DNA can be
derived from either a cultivated or uncultivated microorgan-
ism, or from an environmental sample. Alternatively, the
genomic DNA can be derived from a multicellular organism,
or a tissue derived therefrom. Second strand synthesis can be
conducted directly from the hybridization probe used in the
capture, with or without prior release from the capture
medium or by a wide variety of other strategies known in the
art. Alternatively, the isolated single-stranded genomic DNA
population can be fragmented without further cloning and
used directly in, e.g., a recombination-based approach, that
employs a single-stranded template, as described above.

[0277] “Non-Stochastic” methods of generating nucleic
acids and polypeptides are alleged in Short “Non-Stochastic
Generation of Genetic Vaccines and Enzymes” WO
00/46344. These methods, including proposed non-stochas-
tic polynucleotide reassembly and site-saturation mutagen-
esis methods be applied to the present invention as well.
Random or semi-random mutagenesis using doped or degen-
erate oligonucleotides is also described in, e.g., Arkin and
Youvan (1992) “Optimizing nucleotide mixtures to encode
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specific subsets of amino acids for semi-random mutagen-
esis”Biotechnology 10:297-300; Reidhaar-Olson et al.
(1991) “Random mutagenesis of protein sequences using
oligonucleotide cassettes”Methods Enzymol. 208:564-806;
Lim and Sauer (1991) “The role of internal packing inter-
actions in determining the structure and stability of a pro-
tein”J. Mol. Biol. 219:359-76; Breyer and Sauer (1989)
“Mutational analysis of the fine specificity of binding of
monoclonal antibody 51F to lambda repressor’J. Biol.
Chem. 264:13355-60); and “Walk-Through Mutagenesis”
(Crea, R; U.S. Pat. Nos. 5,830,650 and 5,798,208, and EP
Patent 0527809 BI.

[0278] 1t will readily be appreciated that any of the above
described techniques suitable for enriching a library prior to
diversification can also be used to screen the products, or
libraries of products, produced by the diversity generating
methods.

[0279] Kits for mutagenesis, library construction and other
diversity generation methods are also commercially avail-
able. For example, kits are available from, e.g., Stratagene
(e.g., QuickChange™ site-directed mutagenesis kit; and
Chameleon™ double-stranded, site-directed mutagenesis
kit), Bio/Can Scientific, Bio-Rad (e.g., using the Kunkel
method described above), Boehringer Mannheim Corp.,
Clonetech Laboratories, DNA Technologies, Epicentre
Technologies (e.g., 5 prime 3 prime kit); Genpak Inc,
Lemargo Inc, Life Technologies (Gibco BRL), New
England Biolabs, Pharmacia Biotech, Promega Corp., Quan-
tum Biotechnologies, Amersham International plc (e.g.,
using the Eckstein method above), and Anglian Biotechnol-
ogy Ltd (e.g., using the Carter/Winter method above).

[0280] The above references provide many mutational
formats, including recombination, recursive recombination,
recursive mutation and combinations or recombination with
other forms of mutagenesis, as well as many modifications
of these formats. Regardless of the diversity generation
format that is used, the nucleic acids of the invention can be
recombined (with each other, or with related (or even
unrelated) sequences) to produce a diverse set of recombi-
nant nucleic acids, including, ¢.g., sets of homologous
nucleic acids, as well as corresponding polypeptides.

[0281]

[0282] Many arraying methods are well known for array-
ing nucleic acids and proteins. General methods include
spotting materials, chip-masking light synthetic techniques
and many others. In addition to Ausubel, supra., reviews of
nucleic acid arrays include Sapolsky et al. (1999) “High-
throughput polymorphism screening and genotyping with
high-density oligonucleotide arrays.”Genetic Analysis: Bio-
molecular Engineering 14:187-192; Lockhart (1998)
“Mutant yeast on drugs”Nature Medicine 4:1235-1236;
Fodor (1997) “Genes, Chips and the Human Genom-
e.”FASEB Journal 11:A879; Fodor (1997) “Massively Par-
allel Genomics.”Science 277: 393-395; and Chee et al.
(1996) “Accessing Genetic Information with High-Density
DNA Arrays.”Science 274:610-614.

[0283] In addition to those in Ausubel, examples of pro-
tein-based arrays include various advanced immuno arrays
(see, e.g., http://arrayit.com/protein-arrays/; Holt et al.
(2000) “By-passing sclection: direct screening for antibody-
antigen interactions using protein arrays.”Nucleic Acids

Array Construction and Use
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Research 28(15) E72-¢72), superproteins arrays (see, €.g.,
http:/Awww jst.go.jp/erato/project/nts P/nts Phtml), yeast
two and other “n” hybrid array systems (see, e.g. Uetz et al.
(2000) “A comprehensive analysis of protein-protein inter-
actions in Saccharomyces cerevisiae” Nature 403, 623-627,
and Vidal and Legrain (1999) “Yeast forward and reverse
‘0’-hybrid  systems.”Nucleic Acids Research  27(4)
919-929); the universal protein array or “UPA” system (Ge
et al. (2000) “UPA, a universal protein array system for
quantitative detection of protein-protein, protein-DNA, pro-
tein-RNA and protein-ligand interactions.”Nucleic Acids
Research, 28(2): E3-e3) and the like. Commercial compa-
nies such as Ciphergen (Freemont, Calif.); www.ciphergen-
.com, Beckman Coulter Inc. (Brea, Calif.); and others also
provide commercial protein chip arrays.

[0284] Many publications relating generally to arrays and
the use of arrays are available, including, e.g., Wilson et al.
(2000) “Multiple differences in gene expression in regula-
tory V 24J Q T cells from identical twins discordant for type
I diabetes”Proceedings of the National Academy of Sciences
of the USA 97: 13, 7411-7416; Harrington et al. (2000)
“Monitoring gene expression using DNA microarrays.”Mi-
crobiology 3: 3, 285-29; Kaminski et al. (2000) “Global
analysis of gene expression in pulmonary fibrosis reveals
distinct programs regulating lung inflammation and fibro-
sis.”Proceedings of the National Academy of Sciences of the
USA 97:1778-1783; Lai et al. (2000) “Overexpression of
human UDP-glucose pyrophosphorylase recuses galac-
tose-1 phosphate uridyltransferase-deficient yeast.”Biochem
Biophys Res Commun 10: 271, 392-400; Luthi-Carter et al.
(2000) “Decreased expression of striatal signaling genes in
a mouse model of Huntington’s disease.”Human Molecular
Genetics 9: 9, 1259-1271; Nau et al. (2000) “Technical
Assessment of the Affymetrix Yeast Expression GeneChip
YE6100 Platform in a Heterologous Model of Genes That
Confer Resistance to Antimalarial Drugs in Yeast.”Journal
of Clinical Microbiology 38: 5, 1901-1908; Warrington et al.
(2000) “Gene-Expression Changes in Rol-Induced Cardi-
omyopathy”Proc. Natl. Acad. Sci. USA 9:4826-4831; and
Webb et al. (2000) “Expression profiling of pancreatic cells:
Glucose regulation of secretory and metabolic pathway
genes”Proceedings of the National Academy of Sciences of
the USA 97:11, 5773-5778; Anderson, R., et al. (2000) “A
miniture integrated device for automated multistep genetic
assays.”Nucleic Acids Research 28: 12, E60-¢60; Wen-
Hsiang Wen, et al (2000) “Comparison of TP53 Mutations
Identified by Oligonucleotide Mircoarray and Conventional
DNA Sequence Analysis.”Genomika 60:2716-2722; Lip-
shutz, R, et al. (2000) “Parallel Genotyping of Human SNPs
Using Generic High-Density Oligonuclestide Tag Array-
s.”Nature Biotechnology 10: 6, 853-860; Ahrendt et al.
(1999) “Rapid p53 sequence analysis in primary lung cancer
using an oligonucleotide probe array.”Proceedings of the
National Academy of Sciences of the USA 96:7382-7387,
Alon et al. (1999) “Broad patterns of gene expression
revealed by clustering analysis of tumor and normal colon
tissues probed by oligonucleotide arrays.”Proceedings of the
National Academy of Sciences of the USA 96:6745-6750;
Iwata et al. (1999) “Interleukin-1 (IL-1) Inhibits growth of
cytomegalovirus in human marrow stromal cells: inhibition
is reversed upon removal of IL-1.” Blood 94:572-578;
Troesch et al. (1999) “Mycobacterium species identification
and rifampin resistance testing with high-density DNA
probe arrays.”Journal of Clinical Microbiology 37:49-55,
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Alon et al. (1999) “Broad Patterns of Gene Expression
Revealed by Clustering Analysis of Tumor and Normal
Colon Tissues Probed by Oligonucleotide Arrays.”Proceed-
ings of the National Academy of Sciences of the USA
96:6745-6750; Bulyk et al. (1999) “Quantifying DNA-
protein interactions by double-stranded DNA arrays.”Nature
Biotechnology 17:573-577; Cheol-Koo Lee et al. (1999)
“Gene Expression Profile of Aging and Its Retardation by
Caloric Restriction.”Science 285: 1390-1393; Fambrough et
al. (1999) “Diverse signaling pathways activated by growth
factor receptors induce broadly overlapping, rather than
independent, sets of genes.”Cell 97: 727-741; Galitski, et al.
(1999) “Ploidy Regulation of Gene Expression.”Science
285: 251-254; Golub et al. (1999) “Molecular classification
of cancer: class discovery and class prediction by gene
expression monitoring.”Science 286:531-537; Harkin et al.
(1999) “Induction of GADD45 and JINK/SAPK—Depen-
dent apoptosis following inducible expression of
BRACAL1.”Cell 97:575-586; Jelinsky et al. (1999) “Global
response of saccharomyces cerevisiae to an alkylating
agent.”Proceedings of the National Academy of Sciences of
the USA 96:1486-1491; Lee et al. (1999) “The Wilms Tumor
Suppressor WT1 Encodes a Transcriptional Activator of
amphiregulin.”Cell 98:663-673; Li et al. (1999) “Novel
strategy yields candidate Gsh-1 homebox Gene Target Using
Hypothalamus progenitor cell lines.” Developmental Biology
211:64-76; Madhani et al. (1999) “Effectors of a develop-
mental mitogen-activated protein kinase cascade revealed
by expression signatures of signaling mutants.” Proceedings
of the National Academy of Sciences of the USA 96: 12530-
12535; Mamatha et al. (1999) “A high-density probe array
sample preparation method using 10- to 100- fold fewer
cells.”Nature Biotechnology 17:1134-1136 1999; Lelivelt
and Culbertson (1999) “Yeast Upf Proteins Required for
RNA Surveillance Affect Global Expression of the Yeast
Transcriptome.”Molecular and Cellular Biology 19: 6710-
6719; Winzeler et al. (1999) “Functional Characterization of
the S. cerevisize Genome by Gene deletion and Parallel
Analysis.”Science 285:901-906; Wyrick et al. (1999) “A
Chromosomal landscape of nucleosome-dependent gene
expression and silencing in yeast.”Science 402: 418-421;
Fidanza, J. A, & McGall, G. H. (1999) “High-density
nucleoside analog probe arrays for enhanced hybridization.”
Nucleosides & Nucleotides 18:1293-1295; Glazer, M., et al.
(1999) “High surface area substrates for DNA arrays
Organic/Inorganic Hybrid Materials 11.”Material Research
576:371-376; Lipshutz, R. T, et al. (1999) “High density
synthetic oligonucleotide arrays.”Nature Genetics Chipping
Forecast 21:20-24; Mazzola, L. T, et al. (1999) “Discrimi-
nation of DNA hybridization using chemical force micros-
copy.”Biophysical Journal 76: 2922-2933; Cargill, M., et al.
(1999) “Characterization of single-nucleotide polymor-
phisms in coding regions of human genes.”Nature Genetics
22:231-238; Cho, R. I, et al. (1999) “Genome-wide map-
ping with biallelic markers in arabidopsis thaliana.”Narure
Genetics 23:203-207; Gentalen, E, and Chee, M. (1999) “A
Novel method for determining linkage between DNA
sequences: hybridization to paired probe arrays.”’Nucleic
Acids Research 27:1485-1491; Hacia, J. G., et al. (1999)
“Determination of ancestral alleles for human single-nucle-
otide polymorphisms using high-density oligonucleotide
arrays.”Nature Genefics 22: 164-167; Halushka, M., et al.
(1999) “Patterns of single-nucleotide polymorphisms in
candidate genes for blood-pressure homeostasis.” Nafure
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Genetics 22:239-247; Sapolsky, R, et al. (1999) “High-
throughput polymorphism screening and genotyping with
high-density oligonucleotide arrays.”Genetic Analysis: Bio-
molecular Engineering 14:187-192; Winzeler, E. A., et al.
(1999) “Whole genome genetic-typing in yeast using high-
density oligonucleotide arrays.”Parasitology 118:573-S80;
Winzeler, E. A, et al. (1999) “Functional Characterization of
the S. cerevisiae Genome by Gene deletion and Parallel
Analysis.”Science 285:901-906; Sapolsky, R, et al. (1999)
“High-throughput polymorphism screening and genotyping
with high-density oligonucleotide arrays.”Genetic Analysis:
Biomolecular Engineering 14:187-192; “The Chipping
Forecast”Nature Genetics 21(suppl): 1-60, 1999; Bassett DE
Jr., et al. (1999) “Gene expression informaticsit’s all in your
mine.”Nature Genetics 21:51-55; Cheung VG, et al. (1999)
“Making and reading microarrays.”Nafure Genetics 21:15-
19; Duggan DJ, et al. (1999) “Expression profiling using
cDNA microarrays.”Nature Genetics 21:10-14; Iyer VR, et
al. (1999) “The transcriptional program in the response of
human fibroblasts to serum.”Science 283:83-87; Montagu J,
and Weiner N. (1999) “Fluorescence array scanner employ-
ing a flying objective.”Science, Jan. 20, 1999; Yeung, G., et
al. (1999) “Cloning of a Novel Epidermal Growth Factor
Repeat Containing Gene EGFL6: Expressed in Tumor and
Fetal Tissues.”Genomics 62:2; Mulero, J. I, et al. (1999)
“ILIHY1: A Novel Interleukin-1 Receptor Antagonist
Gene.” Biochemical and Biophysical Research Communi-
cations 263: 3; Mulero, J. J., et al. (1999) “CD39L4 is a
secreted human apyrase, specific for the hydrolysis of
nucleoside diphosphate.”J. Biol. Chem. 274, 20064-74;;
Gunthard, et al. (1998) “Comparative Performance of High
Density Oligonucleotide Sequencing of HIV Type 1 Pol
from Clinical Samples.” -14:869-876; Hacia et al. (1998)
“Strategies for mutational analysis of the large multiexon
ATM gene using high-density oligonucleotide arrays.”Ge-
nome Research 8:1245-1258,;

[0285] Zhu, H., et al. (1998) “Cellular Gene Expression
Altered by Human Cytomegalovirus: Global Monitoring
with Oligonucleotide Array.”Proceedings of the National
Academy of Sciences of the USA 95:14470-14475; Cho, R.
J, et al. (1998) “A Genome-Wide Transcriptional Analysis
of the Mitotic Cell Cycle.”Molecular Cell 2:65-73; Cho, R.
J, et al. (1998) “Parallel Analysis of Genetic Selections
Using Whole Genome Oligonucleotide Arrays.” Proceedings
of the National Academy of Sciences of the USA 95:3752-
3757; DeSaizieu, A., et al. (1998) “Bacterial Transcript
Imaging by Hybridization of Total RNA to Oligonucleotide
Arrays.”Nature Biotechnology 16:45-48; Der, S. D, et al
(1998) “Identification of genes differentially regulated by
interferon x, B, or Y using oligonucleotide arrays.”Proceed-
ings of the National Academy of Sciences of the USA
95:15623-15628; Gray, N. S., et al. (1998) “Exploiting
Chemical Libraries, Structure, and Genomics in the Search
for Kinase Inhibitors.”Science 281:533-537; Holstege, F. C.
P, et al. (1998) “Dissecting the regulatory circuitry of a
Eukaryotic Genome.”Cell 95:717-728; Paxton, W. A. et al.
(1998) “Reduced HIV-1 Infectability of CD4(+) Lympho-
cytes from Exposed-Uninfected Individuals: Association
with Low Expression of CCR5 and High Production of
Beta-Chemokines.”Virology 244:66-73; Beecher, J. and Tir-
rell, D. (1998) “Synthesis of Protected Derivatives of 3-pyr-
rolylalanine.” Tetrahedron Letters 39:3927-3930; Forman, J.
E., etal. (1998) “Thermodynamics of Duplex Formation and
Mismatch Discrimination Onphotolithographically Synthe-
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sized Oligonucleotide Arrays.”Acs Symposium Series
682:206-228; Hacia, J. G., et al. (1998) “Enhanced high
density oligonucleotide array-based sequence analysis using
modified nucleoside triphosphates.”Nucleic Acids Research
26:4975-4982; Pirrung M. C., et al (1998) “Proofing of
Photolithographic DNA Synthesis with 3',5'-Dimethoxy-
benzoinyloxycarbonyl-Protected Deoxynucleoside Phos-
phoramidites.”Journal of Organic Chemistry 63:241-246;
Fan, J. B. (1998) “Accessing the Human Genome with
High-Density DNA Arrays.”Furopean Journal of Human
Genetics 6:134-134; Gingeras, T. R., et al. (1998) “Simul-
taneous Genotyping and Species Identification Using
Hybridization Pattern Recognition Analysis of Generic
Mycobacterium  DNA  Arrays.”Genome  Research
8:435-448; Gunderson, K. L., et al. (1998) “Mutation Detec-
tion by Litigation to Complete n-mer DNA Arrays.”Genome
Research 8:1142-1153; Hacia J. G., et al. (1998) “Two Color
Hybridization Analysis Using High Density Oligonuleotide
Arrays and Energy Transfer Dyes.”Nucleic Acids Research
26(16):3865-6; Hacia, J. G., et al (1998) “Evolutionary
Sequence Comparisons Using High-Density Oligonucle-
otide Arrays.”Nature Genetics 18:155-158; Wang, D. G., et
al. (1998) “Large-Scale Identification, Mapping, and Geno-
typing of Single-Nucleotide Polymorphism’s in the Human
Genome.”Science 280:1077-1082; Winzeler, E. A., et al.
(1998) “Direct Allelic Variation Scanning of the Yeast
Genome.”Science 281:1194-1197; Lockhart, D. J. (1998)
“Mutant yeast on drugs.”Nature Medicine 4:1235-12306;
Cheung V C, et al. (1998) “Linage-equilibrium mapping
without genotyping.”Nature Genetics 18:225-230; Ermo-
lacva O, et al. (1998) “Data management and analysis for
gene expression arrays.”Nature Genetics 20:19-23; Jordan
B. (1998) “Large-scale expression measurement by hybrid-
ization methods: from high density membranes to ““DNA
chips”.”Journal of Biochemistry 124:251-258; Lemieux B,
et al. (1998) “Overview of DNA chip technology.”Molecu-
lar Breeding 4:277-289; Rose S. D.(1998) “Application of a
novel microarraying system in genomics research and drug
discovery.”JALA 3:53-56; Welford, S. M. et al. (1998)
“Detection of differentially expressed genes in primary
tumor tissues using representational differences analysis
coupled to microarray hybridization.” Nucleic Acid Research
26:3059-3065; Drmanac S., et al. (1998) “Accurate sequenc-
ing by hybridization for DNA diagnostics and individual
genomics.”Nature Biotechnology 16: 54-58; Winters et al.
(1997) “Human Immunodeficiency Virus Type 1 Reverse
Transcriptase Genotype and Drug Susceptibility Changes in
Infected Individuals Receiving Dideoxyinosine Mono-
therapy for 1 to 2 years.”Antimicrobial Agents and Cheno-
therapy 41:757-762; Wodicka, L. et al. (1997) “A Genome-
Wide Expression Monitoring in  Saccharomyces
Cerevisiae.” Nature Biotechnology 15:1359-1367; Wod-
icka, L. et al. (1997) “Genome-Wide Expression Monitoring
in Saccharomyces Cerevisiae” Nature Biotechnology
15:1359-1367; Bains, W. (1997) “Litigation Escalates for
Patents on a Chip.”Nature Biotechnology 15:406-406;
Beecher, Jody E., et al (1997) “Chemically Amplified Pho-
tolithography for the Fabrication of High Density Oligo-
nucleotide Arrays Polymer/Material.”Science Engineering
76:597-598; Fodor, S. A. (1997) “Massively Parallel
Genomics.”Science 277:393-395; Gette, W. and Kreiner, T.
(1997) “Precision Scanning Technology for Complex
Genetic Analysis.” American Laboratory 29:15-17; McGall,
G. H,, et al. (1997) “The efficiency of light-directed synthe-
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sis of DNA arrays on glass substrates.”Journal of the Ameri-
can Chemical Society 119(22): 5081-5090; Wallraff, G., et
al. (1997) “DNA Sequencing on a Chip”Chemtech 27:22-32;
Fan, J., et al. (1997) “Genetic Mapping: Finding and Ana-
lyzing Single-Nucleotide Polymorphisms with High-Den-
sity DNA Arrays.”American Journal of Human Genetics 61:
1601-1601; Hacia, J. G., et al. (1997) “Mutation Screening
and Phylogenetic Analysis of Hereditary Breast Cancer
Genes Using High Density Oligonucleotide Arrays.”Ameri-
can Journal of Human Genetics 61:361-361; Liu, W. W,, et
al. (1997) “Genetic Mapping: Finding and Analyzing
Single-Nucleotide Polymorphisms with High-Density DNA
Arrays.”American Journal of Human Genetics 61:1494-
1494; Fodor S. (1997) “Genes, Chips and the Human
Genome.”FASEB Journal 1 1:A879; Fodor, S. A. (1997)
“Massively Parallel Genomics.”Science 277:393-395;
DeRisi J. L., et al. (1997) “Exploring the metabolic and
genetic control of gene expression on a genomic scale.”
Science 278:680-686; Lashkari D. A., et al. (1997) Yeast
microarrays for genome wide parallel genetic and gene
expression analysis Proceedings of the National Academy of
Sciences of the USA 94:13057-13062; Zhang L, et al. (1997)
“Gene expression profiles in normal and cancer cells.”
Science 276:1268-1272; Kozal et al. (1996) “Extensive
Polymorphisms Observed in HIV-1 Clade B Protease Gene
using High Density Oligonucleotide Arrays: implications for
Therapy.”Nature Medicine 7:753-759; Lockhart, D. J., et al.
(1996) “Expression Monitoring by Hybridization to High-
Density Oligonucleotide Arrays.”Nafure Biotechnology
14:1675-1680; Kreiner, T. (1996) “Rapid Genetic Sequence
Analysis Using a DNA Probe Array System.”American
Laboratory 28:39-43; McGall, G., et al. (1996) “Light-
Directed Synthesis of High-Density Oligonucleotide Arrays
Using Semiconductor Photoresists.”Proceedings of the
National Academy of Sciences of the USA 93:13555-13560;
Cronin, M., et al. (1996) “Detecting Cystic-Fibrosis Muta-
tions by Hybridization to DNA-Probe.”Biologicals 24:209-
209; Cronin, M. T., et al. (1996) “Cystic Fibrosis Mutation
Detection by Hybridization to Light-Generated DNA Probe
Arrays.”Human Mutation 7:244-255; Hacia, J. G., et al.
(1996) “Detection of Heterozygous Mutations in BRCA1
using High Density Oligonucleotide Arrays and two-color
Fluorescence Analysis.”Nature Genetics 14:441-447; Sapol-
sky, R. J. and Lipshutz, R. J. (1996) “Mapping Genomic
Library Clones Using Oligonucleotide Arrays.”Genomics
33:445-456; Shoemaker D. D., et al. (1996) “Quantitative
Phenotypic Analysis of Yeast Deletion Mutants using a
Highly Parallel Molecular bar-coding Strategy.”Nature
Genetics 14:450-456; Chee, M., et al. (1996) “Accessing
Genetic Information with High-Density DNA Arrays.” Sci-
ence 274:610-614; DeRisi J, et al. (1996) “Use of a cDNA
microarray to analyze gene expression patterns in human
cancer.”Nature Genetics 14:457-460; Pietu G, et al. (1996)
“Novel gene transcripts preferentially expressed in human
muscles revealed by quantitative hybridization of a high
density cDNA array.”Genome Research 6:492-503; Schena
M, et al. (1996) “Parallel human genome analysis: microar-
ray-based expression monitoring of 1000 genes.”Proceed-
ings of the National Academy of Sciences of the USA
93:10614-10619; Shalon D, et al. (1996) “A DNA microar-
ray system for analyzing complex DNA samples using
two-color  fluorescent  probe  hybridization.”Genome
Research 6:639-645; Drmanac S., et al. (1996) “Gene-
representing cDNA clusters defined by hybridization of
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57,419 clones from infant brain libraries with short oligo-
nucleotide probes.”Genomics 37: 29-40; Milosavljevic A, et
al. (1996) “Discovering distinct genes represented in 29,570
clones from infant brain cDNA libraries by applying
sequencing by hybridization methodology.”Genome
Research 6:132-141; Kozal et al. (1996) Nature Medicine
2(7): 753-759; Kozal et al. (1995) “Natural Polymorphism
of HIV-1 Clade-B Protease Gene and Implications for
Therapy Journal of Acquired Immune Deficiency Syn-
dromes and Human Retrovirology 10:76;, Mazzola, L. T. and
Fodor, S. A. (1995) “Imaging Biomolecule Arrays by
Atomic Force Microscopy.”Biophysical Journal 88:1653-
1660; Lipshutz, R. J., et al. (1995) “Using Oligonucleotide
Probe Arrays to Access Genetic Diversity.”BioTechniques
19:442-447; Schena M., et al. (1995) “Quantitative moni-
toring of gene expression patterns with complementary
DNA microarray.”Science 270:467-470;Gallop, M., et al.
(1994) “Applications of Combinatorial Technologies To
Drug Discovery. 1Background and Peptide Combinatorial
Libraries.”Journal of Medicinal Chemistry 37:1233-1251;
Gordon, E., et al. (1994) “Applications of Combinatorial
Technologies to Drug Discovery. 2.Combinatorial Organic-
Synthesis, Library Screening Strategies, and Future-Direc-
tions.”Journal of Medicinal Chemistry 37:1385-1401;
Jacobs, J. and Fodor, S. (1994) “Combinatorial Chemistry—
Applications of Light-Directed Chemical Synthesis.” Trends
In Biotechnology 12:19-26; Lipshutz R. J. and Fodor S.
(1994) “Advanced DNA-Sequencing Technologies.”Cur-
rent Opinion in Structural Biology 4:376-380; Lipshutz, R.
J, et al. (1994) “DNA Sequence Confidence Estimation
Genomics 19:417-424; Mazzola, L. T., and Fodor, S. (1994)
“Direct Imaging of 2-Dimensional Biomolecule Arrays
Using Atomic-Force.”Microscopy Biophysical Journal
06:A279-A279; Pease, A. C., et al. (1994) “Light-Generated
Oligonucleotide Arrays for Rapid DNA Sequence Analy-
sis.” Proceedings of the National Academy of Sciences of the
USA 91:5022-5026; Drnanac S and Drmanac R. (1994)
“Processing of cDNA and genomic kilobase-size clones for
massive screening, mapping and sequencing by hybridiza-
tion.”Biotechniques, 17 328-336; Blondelguindi, S., et al.
(1993) “Affinity Panning of A Library of Peptides Displayed
on Bacteriophages Reveals the Binding-Specificity of BIP-
"Cell 75:771-728; Cho, C., et al. (1993) “An Unnatural
Biopolymer.”Science 261:1303-1305; Fodor, S. A, et al.
(1993) “DNA Sequencing by Hybridization” Proceedings of
The Robert A. Welch Foundation 37th Conference on
Chemical Research, 40 Years of the DNA Double Helix,
Houston, Tex.; Fodor, S. A, et al. (1993) “Multiplexed
Biochemical Assays with Biological Chips.”Nature
364:555-556; Lipshutz, R. (1993) “Likelihood DNA-Se-
quencing by Hybridization.”Journal of Biomolecular Struc-
ture & Dynamics 11:637-653; Sheldon, E., et al (1993)
“DNA Hybridization.”Clinical Chemistry 39:718-719;
Smith V., et al (1993) “Preparation and Fluorescent
Sequencing of M13 Clones—Microtiter Methods.”Methods
in Enzymology 218:173-187; Drmanac R., et al. (1993)
“DNA sequence determination by hybridization: a strategy
for efficient large-scale sequencing.”Science, 260:1649-52;
Sheldon et al. (1993) Clinical Chemistry 39(4): 718-719;
Rozsnyai, L., et al. (1992) “Photolithographic Immobiliza-
tion of Biopolymers on Solid Supports.”Angewandte Che-
mie-International Edition in English 31:759-761; Dower, W.
and Fodor, S. (1991) “The Search for Molecular Diversity 2.
Recombinant and Synthetic Randomized Peptide Librarie-
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s.”Annual Reports in Medicinal Chemistry 26:271-280;
Fodor, S, et al. (1991) “Light-Directed, Spatially Address-
able Parallel Chemical Synthesis.”Science 251:767-773,
Fodor et al. (1991) Science, 251: 767-777; Drmanac R, et
al. (1989) “Sequencing of megabase plus DNA by hybrid-
ization: theory of the method.”Genomics 4:114-28.

[0286] Further details regarding array construction are
found, e.g., in U.S. Pat. No. 5,143,854, to Pirrung et al.; in
PCT/US98/11969 (W098/56956); Fodor et al., PCT Publi-
cation No. WO 92/10092; and Hubbell U.S. Pat. No. 5,571,
639.

[0287] Furthermore, companies such as Affymetrix (e.g.,
VLSIPS® arrays; Santa Clara, Calif.), Hyseq (Mountain
View, Calif.), Research Genetics (e.g., the GeneFilters®
microarrays; Huntsville Ala.), Axon Instruments (Gene-
Pix®; Foster City, Calif), Operon (e.g., OpArrays®,
Alameda, Calif.), Ciphergen (Freemont, Calif.); www.ci-
phergen.com, Beckman Coulter Inc. (Brea, Calif.), and
many others provide diverse technologies for making physi-
cal arrays of nucleic acids, proteins and other molecules. For
example, arrays have been used for Disease Management
issues, Expression Analysis, GeneChip Probe Array Tech-
nologies, Genotyping and Polymorphism analysis, Spotted
Array Technologies, and the like.

[0288] Several protocols for making arrays, e.g., of
nucleic acids are also found on the internet, e.g., at http://
www.protocolonline.net/molbio/DNA/dna_microarray.htm,
in addition to the other references noted above. For example,
this site provides relevant details regarding Protocols for
Making Drosophila Arrays, PCR amplification of cDNAs
for printing, polylysine slide preparation, “post-processing”
and direct labeling of cdna probes, preparation of slides;
preparation of dna samples, post-processing of arrays prepa-
ration of fluorescent DNA Probe from Yeast mRNA, prepa-
ration of fluorescent probe from human RNA preparation of
fluorescent probe from E. coli RNA, preparation of fluores-
cent DNA probe from genomic DNA, cyanine dye HPLC
purification, modified eberwine (“antisense”) RNA Ampli-
fication Protocol, hybridization of arrays, preparation of
total RNA from cultured human cells preparation of PolyA+
mRNA from total Human RNA amplification and purifica-
tion of ¢cDNAs for microarray manufacture, microarray
manufacture and processing, generating control mRNAs by
In Vitro transcription; generating fluorescent cDNA controls
by linear PCR, preparation of fluorescent probes from total
human mRNA, ¢cDNA microarray hybridization and wash-
ing, gene expression analysis with microarrays, mutation
detection with oligonucleotide microarrays, comparative
gene expression study using microarrays, microarray
hybridization protocols, etc. Futher details regarding array-
ing methods are also found PCT/US01/01056, filed Jan. 10,
2001.

[0289] 1In one aspect, the invention includes putting pro-
teins (e.g., expression products of shuffled nucleic acids)
into arrays. In addition to the references noted above,
proteomics approaches using various forms of protein arrays
have been utilized by a number of investigators. For
example, Nelson et al. (20000) “Biosensor chip mass spec-
trometry: a chip-based proteomics approach”Electrophore-
sis 21(6): 1155-63 (see also, Intrinsic Bioprobes, Inc.,
Tempe, Ariz. ibi@inficad.com) describe an interface of two
general, instrumental techniques, surface plasmon reso-
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nance-biomolecular interaction analysis (SPR-BIA) and
matrix-assisted laser desorption/ionization time-of-flight
(MALDI-TOF) mass spectrometry, into a single concerted
approach for use in the functional and structural character-
ization of proteins. Also, biomolecular interaction analy-
sis—mass spectrometry (BIA-MS) is described for the
detailed characterization of proteins and protein-protein
interactions and the development of biosensor chip mass
spectrometry (BCMS) as a chip-based proteomics approach.
This approach can be adapted to the present invention by
constructing appropriate protein arrays and following the
methods noted by Nelson et al.

[0290] Similarly, Konig et al., (20000) “Multimicrobial
sensor using microstructured three-dimensional electrodes
based on silicon technology.”Anal Chem 72(9):2022-8
describe a system in which two microbial strains with
different substrate spectra were immobilized separately
within a single biosensor chip featuring four individually
addressable platinum electrodes. These were sputtered onto
the inner surface of four isolated pyramidal cavities (“con-
tainments”) micromachined on a silicon wafer. The biosen-
sor chip was integrated into a flow-through system to
measure the oxygen consumption of the immobilized micro-
organisms in the presence of assimilable analytes. The
simple and mass-producible containment sensor exhibited
good performance data: lower detection limit 0.1 mg/L
naphthalene and 1 mg/L sensor-BOD; calibration range up
to 30 mg/L; precision 3-6%; response time 2-3 min; service
life up to 40 days; shelf life at 4° C. for 6 months, etc. The
multimicrobial sensor was demonstrated by measuring ordi-
nary municipal wastewater samples as well as various
aqueous samples contaminated with PAH. Using chemo-
metrical data analysis, the multimicrobial sensor provides a
foundation for developing an “electronic tongue”. As
adapted to the present invention, this array format utilizes
shuffled components (e.g., shuffled or otherwise diversified
proteins).

[0291] In another approach, Sonezaki (2000) “Analysis of
the interaction between monoclonal antibodies and human
hemoglobin (native and cross-linked) using a surface plas-
mon resonance (SPR) biosensor.”J Immunol Methods 238(1-
2):99-106 describe a stable immuno-assay system for quan-
tification of human hemoglobin as well as the interaction
between various antibodies and Hb using a surface plasmon
resonance (SPR) biosensor in a BlAcore with an immobi-
lized anti-Hb antibody sensor chip. When polyclonal anti-
bodies were used, the immuno-reactivity of purified and
commercially available Hb decreased drastically with incu-
bation times up to 14 h. This instability of immuno-reactiv-
ity of Hb is attributable to the conformational changes in Hb
induced by oxidation. On the other hand, of the sixteen
monoclonal antibodies tested, four antibodies (MSU-102,-
103,-106 and -115) were found to maintain their immuno-
reactivities at least up to 24 h. During long-term storage,
however, the immuno-reactivity of Hb with these mono-
clonal antibodies decreased significantly. The chemical beta-
beta-cross-linking of Hb was effectively able to stabilize the
structure of Hb and immuno-reactivity with monoclonal
antibodies such as MSU-103 for periods at least up to 70
days. Therefore, the combination of specific monoclonal
antibodies such as MSU-103 and a betabeta-cross-linked Hb
standard was used for the quantification of Hb. As adapted
to the present invention, antibodies can be shuffled for
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stability in an array format, and these shuffled antibodies
used, e.g., as noted by Sonezaki et al.

[0292] Katerkamp et al. (1999) “Disposable optical sensor
chip for medical diagnostics: new ways in bioanalysis.”Anal
Chem 71(23):5430-5 describe an optical sensor system
which is suited for medical point-of-care diagnostics. The
system allows for several immunochemical assay formats
and consists of a disposable sensor chip and an optical
readout device. The chip is built up from a ground and cover
plate with in- and outlet and, between, of an adhesive film
with a capillary aperture of 50 microns. The ground plate
serves as a solid phase for the immobilization of biocom-
ponents. In the readout device, an evanescent field is gen-
erated at the surface of the ground plate by total internal
reflection of a laser beam. This field is used for the excitation
of fluorophor markers. The generated fluorescence light is
detected by a simple optical setup using a photomultiplier
tube. Because of the evanescent field excitation, washing or
separation steps can be avoided. With this system the
pregnancy hormone chorionic gonadotropin (hCG) was
determined in human serum with a detection limit of 1
ng/mL. Recovery values were 86, 106, and 102% for 5, 50,
and 100 ng/mL hCG, respectively. The SD in repeated
measurements (n=10) was 5.6%. Furthermore, the feasibility
of the system in competitive-type immunoassays was dem-
onstrated for serum theophylline. A linear calibration curve
of signal vs theophylline between 1 and 50 mg/l was
obtained. Recovery values varied between 118% (10 mg/L)
and 81.0% (20 mg/L). This approach can be adapted to the
present invention using shuffled components on the solid
phase.

[0293] Patton (2000) “Making blind robots see: the syn-
ergy between fluorescent dyes and imaging devices in auto-
mated proteomics”Biotechniques 28(5):944-8, 950-7 review
various systems for examination of rare proteins, including
fluorescence methods which deliver streamlined detection
protocols, superior detection sensitivity, broad linear
dynamic range and compatibility with modem microchemi-
cal identification methods such as mass spectrometry. Two
general approaches to fluorescence detection of proteins are
described: the covalent derivatization of proteins with fluo-
rophores or noncovalent interaction of fluorophores either
via the SDS micelle or through direct electrostatic interac-
tion with proteins. One described approach for quantifying
fluorescence is to use a photomultiplier tube detector com-
bined with a laser light scanner. In addition, fluorescence
imaging is performed using a charge-coupled device camera
combined with a UV light or xenon arc source. Fluorescent
dyes with bimodal excitation spectra may be broadly imple-
mented on a wide range of analytical imaging devices,
permitting their widespread application to proteomics stud-
ies and incorporation into semiautomated analysis environ-
ments. Any of these detection schemes can be used with the
biosensors and biosensor arrays of the invention.

[0294] Rohlff (2000) “Protecomics in molecular medicine:
applications in central nervous systems disorders.”Flectro-
phoresis (2000) April 21(6):1227-34 describe proteomics
appraoches relevant to CNS disorders. For example, bodily
fluids such as cerebrospinal fluid (CSF) and serum are
analysed at the time of presentation and throughout the
course of the disease. Changes in the protein composition of
CSF are indicative of altered CNS protein expression pattern
with a causative or diagnostic disease link. Isolation strat-
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egies of clinically relevant cellular material such as laser
capture micro-dissection, protein enrichment procedures
and proteomic approaches to neuropeptide and neurotrans-
mitter analysis are used to map out complex cellular inter-
action at a high level of detail. The resulting proteome
database bypasses ambiguities of experimental models and
facilitates pre- and clinical development of more specific
disease markers and new selective fast acting therapeutics.
Similarly, the present invention uses shuffled components to
provide proteomic analysis. In another approach, de Lange
(2000) “Detection of complement factor B in the cerebrospi-
nal fluid of patients with cerebral autosomal dominant
arteriopathy with subcortical infarcts and leukoencephalopa-
thy disease using two-dimensional gel electrophoresis and
mass spectrometry. Neurosci Lett 282(3): 149-52 investi-
gated cerebrospinal fluid (CSF) from three CADASIL cases
with known mutations in Notch-3 using two-dimensional
gel electrophoresis. CSF from these patients was compared
to that of six controls. A single spot in the protein maps of
patients which was absent from all the controls was
observed. In-gel tryptic digestion of this protein followed by
mass spectrometric analysis of the tryptic fragments and a
database search identified the spot as human complement
factor B. In an approach of the present invention, similar
approaches are used with shuffled components.

[0295] Alaiya (2000) “Cancer proteomics: from identifi-
cation of novel markers to creation of artifical learning
models  for  tumor  classification.”Electrophoresis
21(6):1210-7describe an artificial learning models for tumor
classification. The artificial learning approach has potential
to improve tumor diagnosis and cancer treatment prediction.
Similarly, neural networks and artificial learning processes
can be used to correlate the empirical results of anything
observed in an array-based system with any known disease
or other condition.

[0296] Larsson et al. (2000) “Use of an affinity proteomics
approach for the identification of low-abundant bacterial
adhesins as applied on the Lewis(b)-binding adhesin of
Helicobacter pylori.”FEBS Lett. 469(2-3):155-8 describe a
carbohydrate-containing crosslinking probe to select bacte-
rial surface adhesins for trypsin digestion, MALDI-TOF
mass spectrometry and identification against genome
sequence. Protein identification was obtained through the
enrichment of approximately 300 fmol of adhesin from
solubilized cells. Similar purification approaches can be
used for the shuffled components of the present invention.

[0297] Thus, any of a variety of array configurations can
be used in the systems herein. One common array format for
use in the modules herein is a microtiter plate array, in which
the array is embodied in the wells of a microtiter tray. Such
trays are commercially available and can be ordered in a
variety of well sizes and numbers of wells per tray, as well
as with any of a variety of functionalized surfaces for
binding of assay or array components. Common trays
include the ubiquitous 96 well plate, with 384 and 1536 well
plates also in common use.

[0298] In addition to liquid phase arrays, components can
be stored or fixed in solid phase arrays, which are preferred
in some of the applications noted herein. These arrays fix
materials in a spatially accessible pattern (e.g., a grid of rows
and columns) onto a solid substrate such as a membrane
(e.g., nylon or nitrocellulose), a polymer or ceramic surface,
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a glass surface, a metal surface, or the like. Components can
be accessed, e.g., by local rehydration (e.g., using a pipette
or other fluid handling ¢lement) and fluidic transfer, or by
scraping the array or cutting out sites of interest on the array.
Alternately, the array can be used as an in-situ device
component on its own, i.¢., in many embodiments herein, the
array is itself a product of interest.

[0299] While arrays are most often thought of as physical
elements with a specified spatial-physical relationship, the
present invention can also make use of “logical” arrays,
which do not have a straightforward spatial organization.
For example, a computer system can be used to track the
location of one or several components of interest which are
located in or on physically disparate components. The
computer system creates a logical array by providing a
“look-up” table of the physical location of array members.
Thus, even components in motion can be part of a logical
array, as long as the members of the array can be specified
and located.

[0300] To facilitate production and operation of the
devices and methods of the invention, populations of nucleic
acids can be arranged into one or more physical or logical
recombinant nucleic acid or expression product arrays. A
duplicate of at least one of the one or more physical or
logical recombinant nucleic acid arrays can be produced in
the process of amplifying, sequencing, or expressing mem-
bers of the nucleic acid array. Similarly, arrays of nucleic
acids can be expressed and the expression products arrayed,
in a manner that retains information about the position or
type of nucleic acids in the parental nucleic acid array. The
duplication process can be performed manually or in any
automated or automatable format. In one typical embodi-
ment, the system includes a nucleic acid or protein master
array which physically or logically corresponds to positions
of the nucleic acids and/or proteins in the reaction mixture
array. This master array can be accessed as necessary, ¢.g.,
where access of reaction mixtures or other duplicated
nucleic acid arrays is not feasible.

[0301] The following illustrates one exemplary automat-
able array copying format, e.g., for use in conjunction with
diversified, e.g., shuffled, nucleic acid libraries. For
example, arrays can be copied in an automated format to
produce duplicate arrays, master arrays, amplified arrays and
the like, e.g., where any operation is contemplated which
could make recovery or detection of nucleic acids from an
original array problematic (e.g. where a process to be
performed destroys the original nucleic acids, e.g., recom-
bination methods that change the nature of product nucleic
acids as compared to starting nucleic acids), or where an
elevated stability for the array would be helpful (e.g., where
an amplified array can be produced to stabilize accessible
copies of nucleic acids), or where a normalization of com-
ponents (e.g., to provide similar concentrations of reactants
or products) is useful for recombination, expression or
analysis purposes. Copies can be made from master arrays,
reaction mixture arrays or any duplicates thereof.

[0302] For example, nucleic acids can be dispensed into
one or more master multiwell plates and, typically, amplified
to produce a master array of elongated nucleic acids (e.g., by
PCR) to produce an amplified array of elongated nucleic
acids. The array copy system then transfers aliquots from the
wells of the one or more master multiwell plates to one or
more copy multiwell plates.
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[0303] An array of reaction mixtures can be formed, ¢.g.,
by separate or simultaneous addition of an in vitro transcrip-
tion reagent and an in vitro translation reagent to one or
more copy multiwell plates (or other spatially organizing set
of containers), or to a duplicate set thereof, to diversified
nucleic acids.

[0304] In addition to adding reaction mixture components
directly to arrays, reaction mixture components are com-
monly added to duplicate arrays of shuffled or otherwise
diversified nucleic acids. For example, the reaction mixtures
can be produced by adding in vitro transcription/translation
reactants to a duplicate nucleic acid array, which is dupli-
cated from a master array of the shuffled nucleic acids
produced by spatially or logically separating members of a
population of the shuffled nucleic acids.

[0305] Arraying techniques for producing both master and
duplicate arrays from populations of shuffled or otherwise
diversified nucleic acids can involve any of a variety of
methods. For example, when forming solid phase arrays
(c.g., as a copy of a liquid phase array, or as an original
array), members of the population can by lyophilized or
baked on a solid surface to form a solid phase array, or
chemically coupled or printed (e.g., using ink-jet printing or
chip-masking and photo-activated synthesis methods) to the
solid surface. Similarly, population members can be con-
verted from a solid phase to a liquid phase by rehydrating
members of the population, or by cleaving chemically
coupled members of the population of shuffled nucleic acids
from the solid surface to form a liquid phase array. One or
more physically separated logical or physical array member
can be accessed from one or more sources of shuffled or
otherwise diversified nucleic acids and moved to one or
more array destination site (e.g., by pipetting into microtiter
trays), where the one or more destinations constitute a
logical array of the shuffled nucleic acids.

[0306] Individual members of an array can be copied in a
number of ways. For example, members can be amplified
and aliquots removed and placed in a duplicate array.
Alternately, where the sequences of array members are
deconvoluted (e.g., sequenced) copies can be produced
synthetically and placed into copy arrays. Two preferred
ways of copying array members are to use a polymerase
(e.g., in amplification or transcription formats) or to use an
in vitro nucleic acid synthesizer for copying operations.
Typically, a fluid handling system will deposit copied array
members in destination locations, although non-fluid based
member transport (e.g., transfer in a solid or gaseous phase)
can also be performed.

[0307] Expressing Diverse Libraries of Nucleic Acids
[0308] Making Nucleic Acids
[0309] Providing nucleic acids which are identified or

generated as noted above (e.g., by the various diversity
generation protocols), or which are to be diversified in the
protocols noted above, generally takes one of two basic
forms.

[0310] First, where a nucleic acid is selected which cor-
responds to a physically existant nucleic acid, that nucleic
acid can be acquired by cloning, PCR amplication or other
nucleic acid isolation methods as is common in the art. An
introduction to such methods is found in available standard
texts, including Berger and Kimmel, Guide fo Molecular
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Cloning Techniques, Methods in Enzymology volume 152
Academic Press, Inc., San Diego, Calif. (Berger); Sambrook
et al., Molecular Cloning—A Laboratory Manual (2nd Ed.),
Vol. 1-3, Cold Spring Harbor Laboratory, Cold Spring
Harbor, N.Y., 1989 (“Sambrook™) and Current Protocols in
Molecular Biology, F. M. Ausubel et al., eds., Current
Protocols, a joint venture between Greene Publishing Asso-
ciates, Inc. and John Wiley & Sons, Inc., (supplemented
through 1999) (“Ausubel”)). Examples of techniques suffi-
cient to direct persons of skill through in vitro amplification
methods, useful in identifying, isolating and cloning nucleic
acid diversity targets, including the polymerase chain reac-
tion (PCR) the ligase chain reaction (LCR), Qp-replicase
amplification and other RNA polymerase mediated tech-
niques (e.g., NASBA), are found in Berger, Sambrook, and
Ausubel, as well as Mullis et al., (1987) U.S. Pat. No.
4,683,202, PCR Protocols A Guide to Methods and Appli-
cations (Innis et al. eds) Academic Press Inc. San Diego,
Calif. (1990) (Innis); Amheim & Levinson (Oct. 1, 1990)
C&EN 36-47; The Journal Of NIH Research (1991) 3,
81-94; (Kwoh et al. (1989) Proc. Natl. Acad. Sci. USA 86,
1173; Guatelli et al. (1990) Proc. Natl. Acad. Sci. USA 87,
1874; Lomell et al. (1989) J. Clin. Chem 35, 1826; Lande-
gren et al., (1988) Science 241, 1077-1080; Van Brunt
(1990) Biotechnology 8, 291-294; Wu and Wallace, (1989)
Gene 4, 560; Barringer et al. (1990) Gene 89, 117, and
Sooknanan and Malek (1995) Biotechnology 13: 563-564.
Improved methods of cloning in vitro amplified nucleic
acids are described in Wallace et al., U.S. Pat. No. 5,426,
039. Improved methods of amplifying large nucleic acids by
PCR are summarized in Cheng et al. (1994) Nature 369:
684-685 and the references therein, in which PCR amplicons
of up to 40kb are generated. One of skill will appreciate that
essentially any RNA can be converted into a double stranded
DNA suitable for restriction digestion, PCR expansion and
sequencing using reverse transcriptase and a polymerase.
See, Ausubel, Sambrook and Berger, all supra.

[0311] Host cells can be transduced with nucleic acids of
interest, e.g., cloned into vectors, for production of nucleic
acids and expression of encoded molecules (these encoded
molecules can be used, e.g., as controls to determine a
baseline activity to compare encoded activities of a diverse
library of nucleic acids to). In addition to Berger, Sambrook
and Ausubel, a variety of references, including, e.g., Fresh-
ney (1994) Culture of Animal Cells, a Marual of Basic
Technique, third edition, Wiley- Liss, New York and the
references cited therein, Payne et al. (1992) Plant Cell and
Tissue Culture in Liquid Systems John Wiley & Sons, Inc.
New York, N.Y.; Gamborg and Phillips (eds) (1995) Plant
Cell, Tissue and Organ Culture; Fundamental Methods
Springer Lab Manual, Springer-Verlag (Berlin Heidelberg
New York) and Atlas and Parks (eds) The Handbook of
Microbiological Media (1993) CRC Press, Boca Raton, Fla.
provide additional details on cell culture, cloning and
expression of nucleic acids in cells.

[0312] Sources for physically existant nucleic acids
include nucleic acid libraries, cell and tissue repositories, the
NIH, USDA and other governmental agencies, the ATCC,
zoos, nature and other sources familiar to one of skill. While
these diverse sources provide many nucleic acids, there are
many others which exist only as a result of computer
algorithms as described above, or, even though existant, are
difficult to acquire.
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[0313] The second basic method for acquiring nucleic
acids does not rely on the physical pre-existance of a nucleic
acid. Instead, nucleic acids are generated sythetically, e.g.,
using well-established nucleic acid synthesis methods. For
example, nucleic acids can be synthesized using commer-
cially available nucleic acid synthesis machines which uti-
lize standard solid-phase methods. Typically, fragments of
up to about 100 bases are individually synthesized, then
joined (e.g., by enzymatic or chemical ligation methods, or
polymerase mediated recombination methods) to form
essentially any desired continuous sequence. For example,
the polynucleotides and oligonucleotides of the invention
can be prepared by chemical synthesis using, e.g., the
classical phosphoramidite method described by Beaucage et
al.,, (1981) Tetrahedron Letters 22:1859-69, or the method
described by Matthes et al., (1984) EMBOJ. 3: 801-05.,e.g.,
as is typically practiced in modern automated synthetic
methods. According to the phosphoramidite method, oligo-
nucleotides are synthesized, e.g., in an automatic DNA
synthesizer, assembled and, optionally, cloned in appropriate
vectors. In addition, essentially any nucleic acid can be
custom ordered from any of a variety of commercial sources,
such as The Midland Certified Reagent Company
(merc@oligos.com), The Great American Gene Company
(http://www.genco.com), ExpressGen Inc. (www.express-
gen.com), Operon Technologies Inc. (Alameda, Calif.) and
many others. Similarly, peptides and antibodies (useful in
various embodiments noted below) can be custom ordered
from any of a variety of sources, such as PeptidoGenic
(pkim@ccnet.com), HTI Bio-products, inc. (http:/Iwww.hti-
bio.com), BMA Biomedicals Ltd (U.K.), Bio.Synthesis,
Inc., Research Genetics (Huntsville, Ala.) and many others.

[0314] Synthetic approaches to nucleic acid generation
have the advantage of easy automation. Oligonucleotide
synthesis machines can easily be interfaced with a digital
system that instructs which nucleic acids to be synthesized
(indeed, such digital interfaces are generally part of standard
oligonucleotide synthesis devices). Similarly, ordering
nucleic acids from commercial sources can be automated
through simple computer programming and use of the
internet (e.g., by having the user select nucleic acids which
are desired and providing an automated ordering system),
with provisions for user inputs (nucleic acid selection) and
outputs (synthesis of nucleic acids which are ordered).

[0315] Synthetic approaches can also be used to automate
simultaneous sequence acquisition and diversity generation,
i.e., through “oligonucleotide shuffling” and related tech-
nologies (see also, “Oligonucleotide Mediated Nucleic Acid
Recombination” by Crameri et al., filed Feb. 5, 1999 WO
00/42561, published Jul. 20, 2000; and “Use of Codon-
Based Oligonucleotide Synthesis for Synthetic Shuffling” by
Welch et al., filed WO 01/23401, published May 5, 2001,
and “Methods for Making Character Strings, Polynucle-
otides and Polypeptides Having Desired Characteristics” by
Selifonov and Stemmer, WO 00/42560, published Jul. 20,
2000. In these methods, nucleic acid oligonucleotides cor-
responding to multiple parental nucleic acids are synthe-
sized, mixed and PCR assembled to produce recombinant
nucleic acids which have subsequences corresponding to
multiple parental nucleic acid types.

[0316] In general, of course, nucleic acids provided by
either of these basic approaches can be used as substrates in
the various diversity generation protocols noted above.
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[0317]

[0318] Inaddition to in vitro transcription/translation, high
throughput cloning and expression can be used to generated
products to screen for product activity and/or to be arrayed
in any of the various arraying methods noted herein. This
approach has the advantage of expressing products in a
system that is similar to the eventual intended expression
site for many products (e.g., in cells).

[0319] Basic cloning methodology is set forth in Sam-
brook, Ausubel and Berger, supra, and this basic methodol-
ogy can be used to produce proteins or nucleic acids of
interest. In one high-throughput system, diversified nucleic
acids (e.g., a shuffled DNAs) are transformed into cells. The
cells are sorted (e.g., by FACS), e.g., by expression of a
marker protein such as GFP, where the marker expression is
encoded by a full-length copy of a corresponding nucleic
acid, e.g., where the full-length nucleic acid also encodes a
full-length product of interest. Cells that have been selected
are transferred to a micro-chamber or array where they
express the shuffled gene. The micro-chamber or array
optionally contains a substrate for the shuffled protein whose
optical properties (i.e. absorbance or fluorescence) are
changed by catalysis by the enzyme. After a period of time,
(e.g., ca. minutes to hours) the array of micro-chambers is
“read” with a laser, CCD camera or other high density
optical device. Those chambers in which the change in
optical properties exceeds some threshold (i.e. a defining
activity) are emptied, one into each well of a high density
microtitre plate (96, 384, 1500 well etc), and the cells are
then grown for the second assay. This provides a high-
throughput format as a pre-screen for active clones.

[0320]

[0321] While simple cellular expression of nucleic acids to
produce products to be arrayed can be performed, in one
embodiment of the invention, libraries of nucleic acids
produced by the various diversity generation methods set
forth herein (shuffling, mutation, etc.) are transcribed (..,
where the diverse nucleic acids are DNAs) into RNA and
translated into proteins in vitro, which are screened by any
appropriate assay or used as a biosensor arra as herein.
Extensive discussions of such approaches are found in
“Integrated Systems and Methods for Diversity Generation
and Screening” by Bass et al., PCT/US01/01056, filed Jan.
10, 2001.

[0322] 1In brief, common in vitro transcription and/or
translation reagents include reticulocyte lysates (e.g., rabbit
reticulocyte lysates) wheat germ in vitro translation (IVT)
mixtures, F coli lysates, canine microsome systems, HeLa
nuclear extracts, the “in vitro transcription component,”
(see, e.g., Promega technical bulletin 123), SP6 polymerase,
T3 polymerase, T7 RNA polymerase (c.g., Promega #
TMO045), the “coupled in vitro transcription/translation sys-
tem” (Progen Single Tube Protein System 3) and many
others. Many of translation systems are described, e.g., in
Ausubel, supra. as well as in the references below, and many
transcription/translation systems are commercially avail-
able.

[0323] Methods of processing (transcribing and/or trans-
lating) diversified nucleic acids (shuffled, mutagenized, etc.)
are provided. In the methods, a physical or logical array of
reaction mixtures is provided, in which a plurality of the

High-Throughput Cloning and Expression

In vitro Transcription/Translation
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reaction mixtures include one or more member of a first
population of nucleic acids (including shuffled, mutagenized
or otherwise diversified nucleic acids). A plurality of the
plurality of reaction mixtures further comprise an in vitro
transcription or translation reactant. One or more in vitro
translation products produced by a plurality of members of
the physical or logical array of reaction mixtures is then
detected. The physical or logical array of reaction mixtures
produced by these methods are also a feature of the inven-
tion, i.e., when appropriate for use as biosensor elements as
set for the herein.

[0324] Generally, cell-free transcription/translation sys-
tems can be employed to produce polypeptides from solid or
liquid phase arrays of DNAs or RNAs as provided by the
present invention. Several transcription/translation systems
are commercially available and can be adapted to the present
invention by the appropriate addition of transcription and or
translation reagents to arrays of diversified nucleic acids,
e.g., produced by shuffling target nucleic acids and arraying
the resulting nucleic acids. A general guide to in vitro
transcription and translation protocols is found in Tymms
(1995) In vitro Transcription and Translation Protocols:
Methods in Molecular Biology Volume 37, Garland Pub-
lishing, NY. Any of the reagents used in these systems can
be flowed or otherwise directed into contact with nucleic
acid array members, e.g., to produce arrays of transcribed or
translated products to be used as biosensors.

[0325] Typically, in the present invention, in vitro tran-
scription and/or translation reagents are added to an array (or
duplicate thereof) that embodies the diverse populations of
nucleic acids generated by diversity generating procedures.
For example, where the nucleic acids of interest are plated
on microtiter trays, the in vitro transcription/translation
reagents are added to the wells of the trays to form arrays of
reaction mixtures that individually comprise the in vitro
transcription/translation reagents, the nucleic acids of inter-
est and any other reagents of interest.

[0326] Several in vitro transcription and translation sys-
tems are well known and described in Tymms (1995), id. For
example, an untreated reticulocyte lysate is commonly iso-
lated from rabbits after treatment of the rabbits with
acetylphenylhydrazine as a cell-free in vitro translation
system. Similarly, coupled transcription/translation systems
often utilize an E. coli S30 extract. See also, the Ambion
1999 Product Catalogue from Ambion, Inc (Austin Tex.).

[0327] A variety of commercially available in vitro tran-
scription and translation reagents are commercially avail-
able, including the PROTEINscript-PROTM kit (for
coupled transcription/translation) the wheat germ IVT kit,
the untreated reticulocyte lysate kit (each from Ambion, Inc
(Austin Tex.)), the HelLa Nuclear Extract in vitro Transcrip-
tion system, the TnT Quick coupled Transcription/transla-
tion systems (both from Promega, see, e.g., Technical bul-
letin No. 123 and Technical Manual No. 045), and the single
tube protein system 3 from Progen. Each of these available
systems (as well as many other available systems) have
certain advantages which are detailed by the product manu-
facturer.

[0328] 1In addition, the art provides considerable detail
regarding the relative activities of different in vitro tran-
scription translation systems, for example as set forth in
Tymms, id.; Jermutus et al. (1999) “Comparison of E. Coli
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and rabbit reticulocyte ribosome display systems”FEBS
Lett. 450(1-2):105-10 and the references therein; Jermutus et
al. (1998) “Recent advances in producing and selecting
functional proteins by using cell-free translation”Curr. Opin.
Biotechnol. 9(5):534-48 and the references therein; Hanes et
al. (1988) “Ribosome Display Efficiently Selects and
Evolves High-Affinity Antibodies in vitro from Immune
Libraries”PNAS 95:14130-14135 and the references therein;
and Hanes and Pluckthun (1997) “In vitro Selection and
Evolution of Functional Proteins by Using Ribosome Dis-
play.”Biochemistry 94:4937-4942 and the references
therein.

[0329] Forexample, an untreated rabbit reticulocyte lysate
is suitable for initiation and translation assays where the
prior removal of endogenous globin mRNA is not necessary.
The untreated lysate translates exogenous mRNA, but also
competes with endogenous mRNA for limiting translational
machinery.

[0330] Similarly, The PROTEINscript-PRO™ kit from
Ambion is designed for coupled in vitro transcription and
translation using an E. coli S30 extract. In contrast to
cukaryotic systems, where the transcription and translation
processes are separated in time and space, prokaryotic
systems are coupled, as both processes occur simulta-
neously. During transcription, the nascent 5'-end of the
mRNA becomes available for ribosome binding, allowing
transcription and translation to proceed at the same time.
This early binding of ribosomes to the mRNA maintains
transcript stability and promotes efficient translation.
Coupled transcription: translation using the PROTEIN-
script-PRO Kit is based on this E. coli model.

[0331] The Wheat Germ IVT™ Kit from Ambion, or other
similar systems, is/are a convenient alternative, e.g., when
the use of a rabbit reticulocyte lysate is not appropriate for
in vitro protein synthesis. The Wheat Germ IVT™ Kit can
be used, e.g., when the desired translation product comi-
grates with globin (approx. 12-15 kDa), when translating
mRNAs coding for regulatory factors (such as transcription
factors or DNA binding proteins) which may already be
present at high levels in mammalian reticulocytes, but not
plant extracts, or when an mRNA will not translate for
unknown reasons and a second translation system is to be
tested.

[0332] The TNT® Quick Coupled Transcription/Transla-
tion Systems (Promega) are single-tube, coupled transcrip-
tion/translation reactions for eukaryotic in vitro translation.
The TNT® Quick Coupled Transcription/Translation Sys-
tem combines RNA Polymerase, nucleotides, salts and
Recombinant RNasin® Ribonuclease Inhibitor with the
reticulocyte lysate to form a single TNT® Quick Master
Mix. The TNT® Quick Coupled Transcription/Translation
System is available in two configurations for transcription
and translation of genes cloned downstream from either the
T7 or SP6 RNA polymerase promoters. Included with the
TNT® Quick System is a luciferase-encoding control plas-
mid and Luciferase Assay Reagent, which can be used in a
non-radioactive assay for rapid (<30 seconds) detection of
functionally active luciferase protein.

[0333] Many other systems are well known, well charac-
terized and set forth in the references noted herein, as well
as in other references known to one of skill. It will also be
appreciated that one of skill can produce transcription/
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translation systems similar to those which are commercially
available from available materials, e.g., as taught in the
references noted above.

[0334] The methods of the invention can include in-line or
off-line purification of one or more reaction product biosen-
sor/array members. In line purification is performed as part
of the transfer process from an in vitro transcription/trans-
lation reaction to a product detection or identification mod-
ule, whereas off-line purification can be performed before or
after transfer, or in a parallel module.

[0335] In any case, once expressed, proteins can be puri-
fied, either partially or substantially to homogeneity, accord-
ing to standard procedures known to and used by those of
skill in the art. Polypeptides of the invention can be recov-
ered and purified from arrays by any of a number of methods
well known in the art, including ammonium sulfate or
ethanol precipitation, acid or base extraction, column chro-
matography, affinity column chromatography, anion or cat-
ion exchange chromatography, phosphocellulose chroma-
tography, hydrophobic interaction  chromatography,
hydroxylapatite chromatography, lectin chromatography, gel
electrophoresis and the like. Protein refolding steps can be
used, as desired, in completing configuration of mature
proteins. High performance liquid chromatography (HPLC)
can be employed in final purification steps where high purity
is desired. Once purified, partially or to homogeneity, as
desired, the polypeptides may be used (e.g., as assay com-
ponents, therapeutic reagents or as immunogens for anti-
body production).

[0336] In addition to the references noted supra, a variety
of purification/protein folding methods are well known in
the art, including, e.g., those set forth in R. Scopes, Protein
Purification, Springer-Verlag, N.Y. (1982); Deutscher,
Methods in Enzymology Vol. 182: Guide to Protein Purifi-
cation, Academic Press, Inc. N.Y. (1990); Sandana (1997)
Bioseparation of Proteins, Academic Press, Inc.; Bollag et
al. (1996) Protein Methods, 2* Edition Wiley-Liss, NY;
Walker (1996) The Protein Protocols Handbook Humana
Press, NJ, Harris and Angal (1990) Protein Purification
Applications: A Practical Approach IRL Press at Oxford,
Oxford, England; Harris and Angal Protein Purification
Methods: A Practical Approach IRL Press at Oxford,
Oxford, England; Scopes (1993) Protein Purification: Prin-
ciples and Practice 3 Edition Springer Verlag, NY; Janson
and Ryden (1998) Protein Purification: Principles, High
Resolution Methods and Applications, Second Edition
Wiley-VCH, NY; and Walker (1998) Protein Protocols on
CD-ROM Humana Press, NJI; and the references cited
therein. Any of these approaches to protein purification can
be used to purify proteins, e.g., for array synthesis.

[0337] As noted, those of skill in the art will recognize that
after synthesis, expression and/or purification, proteins can
possess a conformation substantially different from the
native conformations of the relevant parental polypeptides.
For example, polypeptides produced by prokaryotic systems
often are optimized by exposure to chaotropic agents to
achieve proper folding. During purification from, e.g.,
lysates derived from E. coli, the expressed protein is option-
ally denatured and then renatured. This is accomplished,
e.g., by solubilizing the proteins in a chaotropic agent such
as guanidine HCL.

[0338] 1In general, it is occasionally desirable to denature
and reduce expressed polypeptides and then to cause the
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polypeptides to re-fold into the preferred conformation. For
example, guanidine, urea, DTT, DTE, and/or a chaperonin
can be added incubated with a transcription product of
interest. Methods of reducing, denaturing and renaturing
proteins are well known to those of skill in the art (see, the
references above, and Debinski, et al. (1993) J. Biol. Chem.,
268: 14065-14070; Kreitman and Pastan (1993) Bioconjug.
Chem.,4: 581-585; and Buchner, et al., (1992) Anal. Bio-
chem., 205: 263-270). Debinski, et al., for example, describe
the denaturation and reduction of inclusion body proteins in
guanidine-DTE. The proteins can be refolded in a redox
buffer containing, e.g., oxidized glutathione and L-arginine.
Refolding reagents can be flowed or otherwise moved into
contact with the one or more polypeptide or other expression
product, or vice-versa.

[0339] Various systems are also available for simultaneous
synthesis and folding of complex proteins. For example, the
control of redox potential, the use of helper proteins (from
both bacterial and eukaryotic systems) and the like can be
used to provide for improved cell free translation. In addi-
tion to the references noted above, additional details regard-
ing cell free protein translation can be found at http://
chemeng.stanford.edu/html/swartz.htm.

[0340] RNA or protein or other products of a translation
reaction can be tagged with any available tag (biotin, His
tag, etc.), and captured to an array position following
expression, if desired. The products are optionally released,
e.g., by cleavage of an incorporated cleavage site, or other
releasing methods (salt, heat, acid, base, light, or the like).
In alternate embodiments, products are free in solution or
encapsulated in mini-reaction compartments such as
inverted micelles or liposomes.

[0341] As noted it can be desirable to reconstitute expres-
sion products in liposomes, inverted micelles, or other lipid
systems. Thus, the arrays or systems which include the
arrays can include a source of one or more lipid. Typically
this lipid is flowed into contact with the one or more
polypeptide or other reaction product (or vice-versa), or into
contact with the physical or logical array of reaction mix-
tures. Similarly, the lipid can be flowed into contact with one
or more shuffled or mutagenized nucleic acids (or transcrip-
tion products thereof), thereby producing one or more lipo-
somes or micelles comprising the polypeptide or other
reaction product, reaction mixture components, and/or
nucleic acids.

[0342] Liposomes and related structures are particularly
attractive systems for use in the present invention, because
they serve to concentrate reagents of interest into small
volumes and because they are amenable to FACS and other
high-throughput methods. In addition to standard FACS
methods, microfabricated FACSs for use in sorting cells and
certain subcellular components such as molecules of DNA
have also been described in, e.g., Fu, A. Y. et al. (1999) “A
Microfabricated Fluorescence-Activated Cell Sorter,”Nat.
Biotechnol. 17:1109-1111; Unger, M., et al. (1999) “Single
Molecule Fluorescence Observed with Mercury Lamp [1lu-
mination,”Biotechniques 27:1008-1013; and Chou, H. P. et
al. (1999) “A Microfabricated Device for Sizing and Sorting
DNA Molecules,”Proc. Nat’l. Acad. Sci. 96:11-13. These
sorting techniques utilizing microfabricated FACSs gener-
ally involve focusing cells using microchannel geometry and
can be adapted to the present invention by the inclusion of
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a chip-based FACS system in the in vitro transcription/
translation module of the system.

[0343] Data storage and Manipulation for Arrays and
Array Products

[0344] During operation of the methods or devices of the
invention, arrays are used, e.g., as sensors or as bioreactors
to produce products of interest. Thus, in one significant
aspect, the methods, devices or integrated systems herein
have one or more product identification or purification
modules. These product identification/purification modules
identify and/or purify one or more members of the array or
products of the array.

[0345] Common methods of assaying for array member or
array product activities include any of those available in the
art, including enzyme and/or substrate assays, cell-based
assays, reporter gene expression, second messenger induc-
tion or signaling, etc.

[0346] In addition to array member identification, product
identification or purification, and the like, such modules can
also include an instruction set for discriminating between
members of the array based upon detectable characteristics,
such as a physical characteristic of the array members,
bound test or control samples, array products, activities of
members, bound components, products or reactants, and
concentrations of the products or reactants. For example “hit
picking” software is available which permits the user to
select criteria to identify members of an array that display
one or more activity which is sufficient to be of interest for
further analysis, or to provide molecular signature informa-
tion. For example, software for array analysis includes, ¢.g.,
Scanalyze® and NOMAD (see, c.g., http://www.microar-
rays.orWsoftware.html), as well as many other packages.

[0347] 1In general,the systems of the invention can include
detection and/or selection modules which facilitate detection
or selection of array members or array products. Such
modules can include, e.g., an array reader which detects one
or more member of the array of reaction products. Array
readers are commercially available, generally constituting a
microscope or CCD and a computer with appropriate soft-
ware for identifying or recording information. In particular,
array readers which are designed to interface with chips and
standard microtiter trays and other common array systems
are both commercially available.

[0348] Further, where a non-standard array format is used,
or were non-standard assays are to be detected by the array
reader, common detector elements can be used to form an
appropriate array reader. For example, common detectors
include, e.g., spectrophotometers, fluorescent detectors,
microscopes (e.g., for fluorescent microscopy), CCD arrays,
scintillation counting devices, pH detectors, calorimetry
detectors, photodiodes, cameras, film, and the like, as well
as combinations thereof. Examples of suitable detectors are
widely available from a variety of commercial sources
known to persons of skill.

[0349] Signals are preferably monitored by the array
reader, e.g., using an optical detection system. For example,
fluorescence based signals are typically monitored using,
e.g., in laser activated fluorescence detection systems which
employ a laser light source at an appropriate wavelength for
activating the fluorescent indicator within the system. Fluo-
rescence is then detected using an appropriate detector
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element, e.g., a photomultiplier tube (PMT), CCD, micro-
scope, or the like. Similarly, for screens employing coloro-
metric signals, spectrophotometric detection systems are
employed which detect a light source at the sample and
provide a measurement of absorbance or transmissivity of
the sample. See also, The Photonics Design and Applica-
tions Handbook, books 1, 2, 3 and 4, published annually by
Laurin Publishing Co., Berkshire Common, P.O. Box 1146,
Pittsfield, Mass. for common sources for optical compo-
nents.

[0350] In alternative aspects, the array reader comprises
non-optical detectors or sensors for detecting a particular
characteristic of the system. Such sensors optionally include
temperature sensors (useful, e.g., when a product bound
array component or array member produces or absorbs heat
in a reaction, or when array is used in a reaction that involves
cycles of heat as in PCR or LCR), conductivity, potentio-
metric (pH, ions), amperometric (for compounds that can be
oxidized or reduced, e.g., O,, H,0,, L, oxidizable/reducible
organic compounds, and the like)S, mass (mass spectrom-
etry), plasmon resonance (SPR/BIACORE), chromatogra-
phy detectors (e.g., GC) and the like.

[0351] For example, pH indicators which indicate pH
effects of receptor-ligand binding can be incorporated into
the array reader, where slight pH changes resulting from
binding can be detected. See also, Weaver, et al., Bio/
Technology (1988) 6:1084-1089.

[0352] As noted, one conventional system carries light
from a specimen field to a CCD camera. A CCD camera
includes an array of picture elements (pixels). The light from
the array specimen is imaged on the CCD. Particular pixels
corresponding to regions of the array substrate (or beads, or
plates, etc.) are sampled to obtain light intensity readings for
each position. Multiple positions are processed in parallel
and the time required for inquiring as to the intensity of light
from each position is reduced. Many other suitable detection
systems are known to one of skill.

[0353] Data obtained (and, optionally, recorded) by the
detection device is typically processed, e.g., by digitizing
image data and storing and analyzing the image in a com-
puter system. A variety of commercially available peripheral
equipment and software is available for digitizing, storing
and analyzing a signal or image. A computer is commonly
used to transform signals from the detection device into
sequence information, reaction rates, molecular signatures
(bar codes) or the like. Further details regarding arrays and
probe tagging strategies is found, e.g., in Morris et al. EP
0799897A1 “Methods and Compositions for Selecting Tag
Nucleic Acids and Probe Arrays” and in Shoemaker D. D.,
et al. (1996) “Quantitative Phenotypic Analysis of Yeast
Deletion Mutants using a Highly Parallel Molecular bar-
coding Strategy.”Nature Genetics 14:450-456.

[0354] Software for examining array patterns, determining
reaction rates or monitoring formation of products by arrays
are available or can easily be constructed by one of skill
using a standard programming language such as Visualbasic,
Fortran, Basic, Java, or the like, or can even be programmed
into simple end-user applications such as Excel or Access.
Software for array analysis is also commercially available,
e.g., Scanalyze® and NOMAD (see, http://www.microar-
rays.org/software html).

[0355] Any controller or computer which can incorporate
a database of the invention optionally includes a monitor
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which is often a cathode ray tube (“CRT”) display, a flat
panel display (e.g., active matrix liquid crystal display,
liquid crystal display), or others. Computer circuitry is often
placed in a box which includes numerous integrated circuit
chips, such as a microprocessor, memory, interface circuits,
and others. The box also optionally includes a hard disk
drive, a floppy disk drive, a high capacity removable drive,
and other elements for database storage. Inputing devices
such as a keyboard, mouse or touch screen optionally
provide for input from a user.

[0356] In addition to array readers, the product deconvo-
lution module can include enzymes which convert one or
more member of the array of reaction products into one or
more detectable products, or substrates which are converted
by the array of reaction products into one or more detectable
products, or other features that provide for detection of
product activity. For example, the array deconvolution/
detection/data storage modules or others can include cells
which produce a detectable signal upon incubation with
members of the arrays, or products of the arrays, and
reporter genes which are induced by one or more member of
the array or products of the arrays. Similarly, the module can
include promoters which are induced by one or more array
member or product and, e.g., which directs expression of
one or more detectable products. Enzyme or receptor cas-
cades can be triggered which are induced by the one or more
member of the array of reaction products, with any of the
products of the cascade serving as a detectable event.

[0357] Any available system for detecting proteins or
nucleic acids or other expression products (directly or indi-
rectly) can be incorporated into the modules. Common
product identification or purification elements include size/
charge-based electrophoretic separation units such as gels
and capillary-based polymeric solutions, as well as affinity
matricies, plasmon resonance detectors (e.g.,BIACORES),
GC detectors, epifluorescence detectors, fluorescence detec-
tors, fluorescent arrays, CCDs, optical sensors, FACS detec-
tors, temperature sensors, mass spectrometers, stereo-spe-
cific product detectors, coupled H,0O, detection systems,
enzymes, enzyme substrates, Elisa reagents or other anti-
body-mediated detection components (e.g., an antibody or
an antigen), mass spectroscopy, or the like. The particular
system to be used depends on the system at issue, the
throughput desired and available equipment.

[0358] The product detection module can also include a
substrate addition module which adds one or more substrate
to a plurality of members of array or products of the array,
e.g., where the product has an activity on the substrate. In
this embodiment, the devices/array deconvolution modules
can include a substrate conversion detector which monitors
formation of a secondary product produced by contact
between the substrate and one or more products. Formation
of the product can be monitored directly or indirectly, or
formation can be monitored by monitoring the substrate
directly or indirectly (e.g., formation of the product can be
monitored by monitoring loss of the substrate over time).
Primary or secondary product formation can be monitored
stereo selectively or non-selectively.

[0359] Formation of the secondary product can be moni-
tored by detecting formation of peroxide, heat, entropy,
changes in mass, charge, fluorescence, luminescence, epif-
luorescence, absorbance, or any of the other techniques
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previously noted or otherwise available for array member,
array product or product activity detection which result from
contact between a substrate and a product.

[0360] Commonly, product detectors can include a protein
detector and the overall system will include protein purifi-
cation means such as those noted for product purification
generally. However, nucleic acids can also be members or
products of the array, and can be similarly detected.

[0361] Array members can be moved into proximity to
product identification modules, or vice versa. For example,
the product identification module can perform an xyz trans-
lation of either the identification module or the array (e.g.,
by conventional robotics), thereby moving the product iden-
tification module proximal to the array of reaction products.
Similarly, the one or more reaction product array members
can be flowed into proximity to the product identification
module. In-line or off-line purification systems can purify
the one or more reaction product array members from
associated materials.

[0362] Commonly detected array members or products
include detection of or by: radiation, a polymer, a chemical
moiety, a biopolymer, a nucleic acid, an RNA, a DNA, a
protein, a ligand, an enzyme, a chemo-specific enzyme, a
regio-specific enzyme, a stereo-specific enzyme, a nuclease,
a restriction enzyme, a restriction enzyme which recognizes
a triplet repeat, a restriction enzyme that recognizes DNA
superstructure, a restriction enzyme with an 8 base recog-
nition sequence, an enzyme substrate, a regio-specific
enzyme substrate, a stereo-specific enzyme substrate, a
ligase, a thermostable ligase, a polymerase, a thermostable
polymerase, a co-factor, a lipase, a protease, a glycosidase,
a toxin, a contaminant, a metal, a heavy metal, an immu-
nogen, an antibody, a disease marker, a cell, a tumor cell, a
tissue-type, cerebro-spinal fluid, a cytokine, a receptor, a
chemical agent, a biological agent, a fragrance, a phero-
mone, a hormone, an olfactory protein, a metabolite, a
molecular camera protein, a rod protein, a cone protein, a
light-sensitive protein, a lipid, a pegylated material, an
adhesion amplifier, a drug, a potential drug, a lead com-
pound, a protein allele, a catalyst or the like.

[0363] The present invention also provides for array dupli-
cation. For example, secondary product arrays can be pro-
duced by re-arraying members of reaction products made
using a first array, or the members of the first array, e.g., at
a selected concentration of product members in the second-
ary product array. The selected concentration can be
approximately the same for a plurality of product members
in the secondary product array (sometimes all of the array
members are plated at the same concentration, but it is also
possible to plate members at different concentrations to
provide multi-concentration datapoints, e.g., for kinetic
analysis). This normalization of concentration simplifies
analysis by product detection modules. Further details on
array copy systems, including copying of product arrays,
array normalization, and the like, are found in “Integrated
Systems and Methods for Diversity Generation and Screen-
ing” by Bass et al., PCT/US01/01056, filed Jan. 10, 2001.

[0364] In addition to (or in place of ) actually re-arraying
materials, detection modules (or a separate module) can
include an instruction set for determining a correction factor
which accounts for variation in product concentration at
different positions in the relevant array. For example, where
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product concentrations are known, a concentration depen-
dent correction can be applied to correct observed activity
data.

EXAMPLES

[0365] The following examples are provided by way of
illustration and do not limit the invention in any way.

Example 1

Production of a Library of Transcription Regulator
Variants

[0366] Twenty transcriptional regulators with binding
activities for small organic molecules were identified in a
search of publicly available databases, and are represented
by the following Genbank accession numbers: A47078,
CAA48174.1, BAA09883.1, CAA62584.1, S47095,
CAB52211.1, P06519, AAA84988.1, AAC32451.1,
CAA93242.1, AAD09866.1, AAC44567.1, AAC77386.1,
BAAS7867.1, BAA34177.1, AAD03979.1, AAB57638.1,
BAAS84117.1, A26804, and AAA26030.1. DNA correspond-
ing to the above accession numbers is isolated, e.g., by
purification from the appropriate bacterial strain or by
amplification by a PCR using appropriate primers. The
isolated DNA is fragmented, e.g., by any of the previously
described techniques, and fragments from any or all of the
isolated genes encoding transcriptional regulators, are com-
bined in vitro, and reassembled via PCR to generate full
length recombinant nucleic acids encoding transcription
regulators. Alternatively, in vivo, in silico or other recom-
bination methods are employed, as described herein.

[0367] The resulting library of nucleic acid variants is
introduced into a population of host cells, e.g., E. coli or B.
subtilis, under appropriate regulatory control, e.g., a consti-
tutive or inducible promoter of a bacterial expression vector,
e.g., pET3 series vectors, Stratagene, La Jolla, Calif.).
Individual or pooled library members are transformed into
host cells having a luciferase reporter under the control of a
responsive promoter region, e.g., an aromatic catabolism
operon cis regulatory region. Replicate subcultures are
grown in the presence of small organic molecules of interest,
and the subsultures screened for luciferase activity to iden-
tify recombinant (i.e., chimeric) transcriptional regulators
with desired small organic molecule binding characteristics,
e.g., specificity, affinity, etc.

Example 2

Transcription Regulator Array

[0368] The library members possessing desirable binding
activities are recovered and the bacterial strains preserved in
the presence of glycerol and frozen. Individual transfor-
mants are arrayed in a gridded matrix, and each transformant
is assigned a unique identifier. If desired, information
regarding the content and identification of library member
pools is deconvoluted and the member components appor-
tioned prior to establishing the array. Alternatively, the
transformed host cells are cloned or pooled without screen-
ing and arranged in a stable array for storage and assay.

[0369] The gridded library members are accessed and
cultures established for subsequent assay. For example, the
gridded frozen cultures are accessed manually, or with
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robotic assistance, and new cultures are established preserv-
ing the information content of the array, e.g., in microtiter
plates, for assay, e.g., by the luciferase reporter assay
described above.

[0370] Alternatively, protein expression products are
recovered from the identified transformants and arrayed on
a responsive matrix as described above, e.g., a photoelectric
chip sensitive to conformational changes induced by binding
of the transcriptional regulator to a ligand.

Example 3

Detection of Stimulus Compounds

[0371] Regardless of the format of the library array, cali-
bration and standardization is performed by exposing the
array components to one or more known standard, e.g.,
calibrating or pattern forming, stimulus. For example, to
standardize and calibrate the array for detection of small
organic molecules, the array is contacted with known
organic molecules, e.g., phenol, toluene, xylenol, and
selected derivatives. The resulting response, e.g., luciferase
or GFP activity, or “calibrating” array pattern, is detected
and recorded, for example, by a CCD camera or other
photoelectric device. The array is then exposed to one or
more test stimulus. In the case of cultures, this can be
accomplished by exposing replicate cultures to one or more
test compounds, while in the case of proteins arrayed on a
chip, this is best accomplished by washing under conditions
amenable to preservation of the array, followed by subse-
quent exposure to the test compounds.

[0372] Alternative formats for performing detection
assays, e.g., on microfluidic devices (e.g., LabMicrofluidic
device® high throughput screening system (HTS) by Cali-
per Technologies, Mountain View, Calif. or the HP/Agilent
technologies Bioanalyzer using LabChip™ technology by
Caliper Technologies Corp. See, also, www.calipertech-
.com) are available and favorably employed in the context of
the present invention.

Example 4

Diversification of Substrate Binding Properties

[0373] Aset of related enzymes that recognize a diversity
of substrates can be produced by diversification, by such
procedures as DNA shuffling, of one or more parental
enzymes. Approaches involving a single parental enzyme
involve first mutagenizing the nucleic encoding the parental
enzyme, e.g., by use of error prone amplification, e.g., error
prone polymerase chain reaction (PCR). Two closely related
triazine hydrolase enzymes were shuffled, resulting in a
large set of enzymes with differing substrate specifcities,
including activities towards five substrates that were not
hydrolyzed by either of the parental enzymes. FIG. 6 shows
the activities of an array of twelve of the triazine hydrolase
homologue proteins towards six different, but chemically
extremely similar, substrates (aminoatrazine, atrazine, ami-
nopropazine, prometon, ametryn and atratone). The area of
the circles are proportional to the activities of the enzyme
towards the substrate. Three of the enzymes recognize only
atrazine. Such enzymes are good candidates for single-
analyte biosensors specific for atrazine when coupled to a
signal transduction platform (as described above). In this
example, however, none of the other enzyme variants could
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be used to uniquely identify any of the other substrate
compounds: ie., the enzyme variants have overlapping
substrate specificities. Nonetheless, it is clear from FIG. 6,
that the twelve enzymes have a different fingerprint of
activities depending upon which compound present. Thus,
the compounds can be identified based on the activities of
the set of enzymes rather than the acitivity of any single
enzyme. While the above example is relatively simple
analytically, more complex samples can be deconvoluted
using a (typically) computer assisted bioinformatics
approach (as described above). Further details are provided,
e.g., in “Triazine Degrading Enzymes,” PCT/US01/06654,
filed Feb. 28, 2001.

[0374] Thus, DNA shuffling or other directed evolution
methods can be used to produce substrate binding specifici-
ties and catalytic diversity suitable for detection of a wide
variety of analytes, such as small molecule analytes, includ-
ing those analytes for which no naturally occuring binding
or catalytic specificity exists.

[0375] This general approach is useful for developing
biosensors capable of detecting other classes of small mol-
ecules (e.g., with related structurs). For example, xanthine
oxidase can be evolved to adapt it to an oxidase-based
biosensor platform for the detection of the pharmaceutical
drug theophylline. However, the enzyme is unable to dif-
ferentiate between theophyllin and other metabolites with
similar structures (as shown in FIG. 7). As described above
with respect to atrazine, a set of enzymes (enzyme variants)
can be produced by directed evolution, that differentiate
between these compounds. As discussed above, activity data
from a set of such enymes can be used, e.g., in the context
of a multi-analyte array to determine which of the (one or
more) compounds is present in a sample, such as a serum,
blood or urine sample.

Example 5

Warfarin Biosensor

[0376] The Cytochrome P450 family is one of the largest
and oldest superfamilies of enzymes known (see, ¢.g.,
dmelson.utmem.edu/CytochromeP450.html). It contains
over 200 known families, thousands of sequences and sev-
eral crystal structures. The superfamily is structurally and
functionally well conserved but very diverse in sequence
and substrate space (see, e.g., drnelson.utmem.edu/
PIR.P450.description.html). Cytochrome P450 isozymes
provide an example of a generic recognition element with a
variety of substrate specificities, and a common mediator
based electrochemical read out.

[0377] Cytochrome P450s are hemoproteins which catal-
yse an extremely large number of biological oxidations upon
substrates as varied as steroids, polyketides, polyaromatics,
fatty acids and many xenobiotics and drugs. In spite of the
variation in substrates, the mechanism of catalysis is iden-
tical. The cytochrome P450 oxidation system consists of two
components, the P450 itself, which is the catalytic moiety,
and the electron transport chain. The electron transport chain
differs between eukaryotes and prokaryotes but functions in
a similar manner. In all cases, the first step of the catalytic
cycle is substrate binding. This displaces an active site water
and causes the iron to switch spin state. This changes the
reduction potential of the heme, and at this point the electron
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transport proteins can transfer an electron to the iron in the
heme group. Once the iron is reduced oxygen binds. After a
few rearrangements, the active iron-oxo species is generated
and oxidation of the substrate occurs. This system is
designed to prevent the generation of the active oxidizing
species in the absence of substrate and help prevents auto-
inactivation of the protein.

[0378] As a result of this mechanism, cytochrome P450s
are an ideal family of proteins to directly connect with
electronic systems. A cytochrome P450 directly deposited
on the surface of an electrode gives a measurable change in
the electrode, either by cyclic voltametry or current flow.
Another method is to use the P450 as the gate electrode of
a field effect transistor (BioFET). FETs are readily manu-
factured in dense arrays and are modulated by a change in
the electrical potential at the gate electrode. ChemFETs
work due to a pHlion change in a polymer on the surface of
the FET whereas we would electrically contact the haem
group to the electrode. Examples of simpler devices are
described, e.g., in Brand et al. (1991) App! Microbiol Bio-
technol 36:167-172.

[0379] Several features of the Cytochrome P450 family
make it ideally suited for biosensor applications. Firstly, the
entire family of enzymes has similar redox potentials mak-
ing it possible to employ a single mediator, even across a
multi-analyte array. Secondly, all of the enzymes perform
the same chemistry. It is known that you can take the active
site of a cytochrome P450 with specificity X, and graft it
onto the catalytic domain of P450 'Y, to get a cytochrome
P450 protein with specificity X. Further details are provided
in, e.g., WO 00/09682, published Feb. 24, 2000. However,
essentially any redox active protein is amenable to the
approach herein described.

[0380] In addition to the properties and features described
above, the greatest single class of mediators of drug metabo-
lism in humans are cytochrome P450s, see, e.g., www.geor-
getown.edu/departments/pharmacology/davetab.html. The
specificities of these isozymes are well described and
include most compounds of pharmaceutical importance.

[0381] Cytochrome P450s are capable of oxidizing unac-
tivated C-H bonds. Therefore, essentially any substrate
analyte that binds well can be measured. In general, P450
ligands are hydrophobic (e.g., steroids, terpenes, alkanes,
fatty acids etc) but this property is not exclusive (e.g.,
¢thanol, erythromycin precursor, etc.). Furthermore, Flavin
dependent oxidases tend to oxidize hydrophilic substrates
(amino acids, sugars etc), and are also suitable for the
strategy described herein. Thus, the two families provide
adaptable binding specificities for most of the compounds of
interest for sensing applications.

[0382] Finally, bacterial P450s are soluble, readily
expressed and recovered proteins that are typically produced
at greater that 10 mg/L of protein in E coli. In addition, the
proteins are easy to produce and screen in vivo (red/brown
colonies).

[0383] Cytochrome P450 isozyme variants are used to
produce a biosensor for the cardiac drug Warfarin, in the
following example. Warfarin is a very effective therapeutic
agent for the control of angina. Systemic administration of
Warfarin reduces the viscosity of blood, i.e., it “thins” the
blood, reducing the symptoms of angina. However, Warfarin
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has a very narrow therapeutic range and significant potential
toxicity which limits its use. A biosensor for home or clinical
use is of significant value, enabling a patient to control the
concentration of Warfarin in the body, reducing potential
side effects, and increasing applicability of the drug as well
as its efficacy.

[0384] Warfarin is a coumarin derivative with which no
obvious flavin oxidase activity is associated in the literature.
However, the interactions with cytochrome P450 have been
well described. In vivo, Warfarin is oxidized by cytochrome
P450 2C9, which is one of the major drug metabolizing
isozymes described to date, see, €.g., www.georgetown.edu/
departments/pharmacology/davetab.html. It is also oxidized
by bacterial cytochrome P450 isozyme 105 D1. The latter
enzyme has several closely related homologues in the data-
base (dmelson.utmem.edu/bacteria.2000.html) many more
should be accessible using well-known techniques. The
domain structure of this protein has also been described
(www.expasv.ch/cgi-bin/get-sprot-entry  P26911,  http://
p450.abe.hu/P450domains.html). P450 105D1 is derived
from the bacterial species S. griseus and has a molecular
weight of ~40 kDa. This isozyme has been expressed in E.
coli at ~12 mg/L and has been shown to be active (if at
reduced levels) after immobilization to DE 52 resin. (see,
e.g, BBRC,, 279, 708-711, 2000).

[0385] Following isolation of one or more homologues,
the parental sequences are diversified, e.g., by shuffling or
other procedures, to generate a diverse sequence library
encoding cytochrome P450 variants. An initial screen for
P450 activity can be performed by induction on a solid
surface (agar or nylon) followed by detection of colonies
that have become brown due to P450 induced Haem syn-
thesis and incorporation. Reduction and carbon monoxide
treatment enables the detection of productively folded P450s
on the surface of the agar or membrane.

[0386] Purification and immobilization of the active pro-
teins on an electrode array can be accomplished by any of
the means described above, e.g., with respect to a glucose
oxidase based sensor, with the exception that different redox
mediator may be required or desirable. Alternative redox
mediators are known in the art, and of skill in the art is able
to empirically determine which candidate redox mediator is
suitable for a particular application. It should be noted that
the redox potential for P450 isozymes (see, e.g.,
www.uky.edu/Pharmacy/ps/porter/CPR  enzymology.htm)
typically drops by ~100 mV on substrate binding to
~=270mV and in most cases the electrons are provided to the
P450 isozymes by reduced flavins.

[0387] Following assembly of the library, or a selected or
random subset of the library into an array, the array is not
only adjusted for activity towards Warfarin, but also to a
large number of other molecules with different chemical
structures, providing data useful in generating molecular
signatures or fingerprints, and subsequently for the genera-
tion of algorithms associating the fingerprints with analyte
identity.

[0388] Upon identification of a single enzyme variant that
binds Warfarin with high selectivity, a single response
element can then be produced analogous to the glucose
sensor described above. Arrays of less selective, or less
sensitive enzymes can be, nonetheless, utilized as an array,
for example, as an array with predictive value in predicting
drug metabolism.
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[0389] The expected structure space covered by this initial
library should overlap with the specificity of cytochrome
2C9. Further libraries that covered the structure space of the
other important human P450s (www.georgetown.edu/de-
partments/pharmacology/davetab.html) would then be con-
structed and finally an array of arrays would give the full
spectrum of P450 specificities seen in man.

[0390] One significant barrier to the formation of an array,
such as those described above, is the intractability of the
protein to handling. For example, eukaryotic proteins are
membrane associated. The methods described herein can be
used to diversify and select a family of Cytochrome P450s,
either whole or a truncated form, for stability and activity in
an immobilized array. The following properties are selected,
sequentially or simultaneously, from among members of the
diversified library. Initially, the activity of the immobilized
proteins will be assessed by the ability to form a CO
difference spectra, an activity which directly measures the
spin state change, but not substrate binding, and by use of
turnover with the peroxide shunt, which measures produc-
tive substrate binding. Finally, binding is assessed on the
surface of an electrode, enabling the production of appro-
priate signal processing software and hardware.

[0391] For example, in one approach, the surface of an
electrode is coated with a Nickel-NTA (Ni-NTA) mixture, or
other small molecule binding motif. and a masked perma-
nent attachment site.

[0392] The biosensor protein or library of biosensor pro-
teins are then expressed as fusion proteins including a
Histidine tag (or other domain corresponding to the small
molecule binding motif) and the cells lysed. The cell lysate
is then spotted onto a masked surface to which the Ni-NTA
is adhered under conditions where the His Tag binds to the
Ni-NTA. The non-specifically bound proteins are then
washed off the surface. In order to prevent the multiple
proteins in an array from cross-contaminating, spots on the
surface corresponding to individual members of the library
can be demarcated by a hydrophobic surface. If a larger
surface volume for binding is required, then the entire
process can be performed in an etched pit on the surface or
other three dimensional format.

[0393] Once the protein or proteins have been purified and
attached to the surface, they are covalently attached. This is
achieved by unmasking permanent attachment sites, e.g., a
surface covered with diol moieties. Once the protein of
interest was held at the surface by the interaction between
the His tag moiety of the protein and the Ni-NTA on the
surface, a solution of periodate is washed on. The vicinal
diols are cleaved to form an aldehyde, which forms a
Schiff’s base with the surface amines of the protein. A
second wash with sodium cyanoborohydride permanently
affixes the protein to the surface. Other chemistries are easily
designed, such as alkenes that are osmium tetroxide/NalO,
treated to form an aldehyde. Alternatively a masked thiol is
used followed by a bifunctional S-N coupling reagent. Even
a masked amine can be unmasked followed by a glutaral-
dehyde treatment. A number of similar chemical compounds
are commercially available, e.g., from Pierce (Rockford, I11.)
and Molecular Probes (Eugene, Oreg.) sell many similar
components. In cases where electrical connection to the
surface is desired, a conjugating system, such as an activated
thiophene, can be used to attach the protein(s) to the surface.
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[0394] This two stage attachment protocol offers a number
of advantages. Firstly, this procedures enables affinity puri-
fication of the protein, or library of proteins, from a complex
mixture. Secondly, only after the protein is substantially
pure does final attachment to the surface take place. Finally,
this method avoids purification of the proteins prior to
attachment to the surface.

[0395] This method also facilitates optimization of pro-
teins for use in a biosensor by providing a simple, cost-
effective, immbolization method and format suitable for
screening variants for desired properties. Using this method,
a library of diversified proteins can be analysed for their
catalytic (or other) characteristics in an environment much
closer to the desired working format.

[0396] The cytochrome P450 superfamily, has two pri-
mary functions in nature. A first subset of P450 family
members are involved in catabolism, these are extremely
specific for their intended substrates, e.g., steroids and
polyketides. Such P450 isozymes make excellent specific
detectors for the molecules in question. The other main class
of P450s is involved in the hydroxylation of molecules for
xenobiotic detoxification or use as a carbon source. These
enzymes each recognize broad classes of substrates, such as
polyaromatics or tertiary amines, and are ideal for mapping
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the broad profile of compounds present in a sample. An array
of the naturally occurring P450s, thus, provides both specific
and general information about the analytes in a sample.
Pattern recognition software, as described herein, is used to
identify various analytes by the differential response, i.e.,
“fingerprint,” across the array.

[0397] Table 3: Exemplary Targets, Relevant Enzymes,
and Detection Schemes

[0398] The biosensors and biosensor arrays of the inven-
tion can be used to detect a wide variety of analytes,
especially small molecule analytes relevant to quantitating,
monitoring, characterizing or otherwise assessing varied
environmental and medical samples for the presence of, ¢.g.,
herbicides, blood gases, blood electrolytes, environmental
contaminants, soil composition, water solutes and particu-
lates, air, food, toxins, HCl, ozone, alcohol, sugars, patho-
gens, chemical and biological warfare agents, etc.

[0399] The following table provides various targets, rel-
evant enzymes or proteins, detection schemes, and the like.
This table is only exemplary—many additional features are
set forth above, and the table should not be considered
limiting, in any way.

Detection Comments

Targets

Enzymes or Ab

Metals (Ag+, Hg2+, Pb2+,
Cd2+, Zn2+, Fe3+, Cr3+,

Urease (inhibition)
Glucose oxidase
Alcohol oxidase
Butyril oxidase

Proteases

Pesticides Acetyl choline esterase
(inhibition)

Organophosphorous Organophosphate
hydrolase

Carbamates Cholineestrases

Atrazine Ab

Nitrate Nitrate reductase

Ammonia Glutamate
dehydrogenase

Phenols Polyphenol oxidase
Tyrosinase

Nitric Oxide Metabolites ~ Nitrous oxide reductase

Formaldehyde Formaldehyde
dehydrogenase

Parathioon Ab

Sucrose Invertase

Cocaine Ab

Cholesterol Cholesterol esterase

Organophosphorous nerve  cholinesterase

agents

Glucose glucose oxidase

Lactate lactate dehydrogenase

Urea urease

Creatinine

Adrenaline Ab

Dopamine Ab

Histamine Ab

Melatonin Ab

Metanephrine Ab

Serotonin Ab

electrochem, ammonium
electrochem
electrochem
electrochem

optical

choline esterase

Clark electrode

pH

Clark electrode

pH

SPR, piezoelectric
electrochemical
electrochemical

clark electrode

\other electrochemical
electrochemical
piezoelectric

thermometric
piezoelectric

piezoelectric

clark electrode

electrochem, ammonium
ELISA
ELISA
ELISA
ELISA
ELISA
ELISA

1-100 uM sensitivity
1-100 uM sensitivity
1-100 uM sensitivity

1M sensitivity

ng/L sensitivity
0.1 ppb sens

Product of several ag and chem

processes.

1-100 ppb sens, very selective

stability probs
0.1 ng sensitivity
stability probs
ppb sens

Electrochemical
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[0400]
TABLE 4
HORMONES SUITABLE FOR POTENTIAL BIOSENSOR
DEVELOPMENT.
TABLE OF HUMAN HORMONES
Organ Hormone Structure Function
Pituitary- Thyroid-stimulating ~ Protein Stimulates the thyroid gland to secrete its
anterior hormone (TSH) hormones
All are released in Follicle-stimulating Protein In females - Stimulates follicles to release
response to the  hormone (FSH) estrogens
secretion of In males - Helps spermatogonia produce sperm
certain hormones Luteinizing hormone  Protein In females - Stimulates the follicles to release
from the (LH) estrogens, triggers completion of meiosis I of
hypothalamus egg, stimulates empty follicle to develop into
corpeus luteum, which secretes progesterone in
latter half of menstrual cycle
In males - Stimulates testes to secrete
testosterone
Prolactin (PRL) Protein In females - Prepares breasts for milk
production
Growth hormone (GH) Protein Stimulates liver to release IGF-I, which
promotes growth of long bones
Adrenocorticotropic  Peptide Stimulates adrenal cortex to produce
hormone (ACTH) glucocorticoids, mineralocorticoids, androgens.
Pituitary- Antidiuretic hormone  Peptide Acts on collecting ducts of kidneys to facilitate
posterior (ADH) reabsorption of water into blood
All are released in Oxytocin Peptide Stimulates contractions of uterus at time of birth,
response to the stimulates release of milk when baby suckles
secretion of
certain hormones
from the
hypothalamus
Hypothalamus Thyrotropin-releasing ~ Peptide Stimulates release of TSH and PRL
hormone (TRH)
All are released  Gonadotropin- Peptide Increases release of FSH and LH
into the blood in  releasing hormone
periodic spurts  (GHRH)
and travel to the ~ Corticotropin- Peptide Stimulates release of GH
anterior lobe of  releasing hormone
the pituitary (CRH)
Somatostatin Peptide Inhibits release of GH and TSH
Dopamine Tyrosine Inhibits release of PRL
derivative
Pineal gland Melatonin Tryptophan  Regulates circadian cycles (sleep/awake
derivative  patterns)
Thyroid gland Thyroxine (T4) Tyrosine Regulates metabolic rate (as measured by
derivative oxygen uptake) and heart rate
Triiodothyronine (T3) Tyrosine Regulates metabolic rate (as measured by
derivative oxygen uptake) and heart rate
Calcitonin Peptide Promotes transfer of Ca to bones
Parathyroid Parathyroid hormone  Protein Increases concentration of Ca to blood
glands (PTH)
Adrenal cortex  Glucocorticoids Steroids level of glucose in blood
All are released in Mineralocorticoids Steroids Promotes reabsorption of salt into blood to
response to maintain normal blood pressure
secretion of Androgens Steroids Promotes masculinization
ACTH from
anterior lobe of
pituitary
Adrenal medulla  Adrenaline Tyrosine Increased heartrate, blood pressure, metabolic
(epinephrine) derivative rate, blood sugar, dilation of bronchi and pupils,
Comprised of Neradrenaline Tyrosine reduced clotting time for blood
neurons so also  (norepinephrine) derivative
part of CNS
Ovarian follicle ~ Estrogens Steroid Contribute to development of breasts, uterus,
vagina, broadening of pelvis, increase in fat
tissue, minimize loss of Ca from bone, promote
blood clotting
Corpus luteum Progesterone Steroid Prepares endometrium for pregnancy, inhibits
and placenta contraction of uterus, inhibits development of
new follicles, inhibits FSH and LH
Trophoblast and ~ Human chorionic Protein Prevents deterioration of corpus luteum,

placenta

gonadotropin (HCG)

promotes continuation of pregnancy
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TABLE 4-continued

HORMONES SUITABLE FOR POTENTIAL BIOSENSOR
DEVELOPMENT.
TABLE OF HUMAN HORMONES

Organ Hormone Structure Function

Testes Androgens Steroid Promotes development of secondary sexual
characteristics of men, essential for sperm
production

Pancreas (Islets of Insulin Protein Stimulates liver cells to take up glucose from

Langerhans) blood and convert it to glycogen, stimulates
synthesis of fat, results in drop in blood sugar

Glucagon Peptide Stimulates conversion of glycogen to glucose,
helps maintain steady blood sugar

Somatostatin Peptide Reduces rate at which food is absorbed by
intestine

Kidney Renin Protein Increases blood pressure
Erythropoietin (EPO)  Protein Increases production of red blood cells
Calcitrol Steroid Promotes absorption of calcium into intestine
derivative
Skin Calciferol (vitamin Steroid Classified as a hormone (as well as a vitamin)

D3) derivative because it is made in certain cells, carried in the
blood and affects gene transcription in target
cells

Heart Atrial-natriuretic Peptide Lowers blood pressure by relaxing arterioles,
peptide (ANP) inhibiring secretion of rennin and aldosterone,
and inhibiting reabsorption of Na by kidneys
Stomach and Gastrin Peptide Stimulates exocrine cells of stomach to secrete
intestines gastric juice (HCI and pepsin)

Secretin Peptide Stimulates exocrine part of pancreas to secrete
bicarbonate to neutralize acidity of stomach
contents

Cholecystokinin Peptide Stimulates gall bladder to release bile, stimulates

(CCK) pancreas to release pancreatic digestive enzymes
into pancreatic fluid - results in inhibition of
gastrin, secretin, CCK, glucagon

Somatostatin Peptide Reduces rate at which food is absorbed by
intestine

Neuropeptide Y Peptide Causes increased storage of ingested food as fat

Liver Insulin-like growth Protein Stimulates growth of long bones

factor (IGF)

Angiotensinogen Protein Precursor of angiotensinogen, which is split by
renin resulting in an increase blood pressure

Thrombaopoietin Protein Stimulates blood clotting

Fat cells Leptin Protein Inhibits food intake
[0401] In a further aspect, the present invention provides

array could be utilized as a test-kit for libraries of biopoly-

for the use of any apparatus, apparatus component, compo-
sition or kit herein, for the practice of any method or assay
herein, and/or for the use of any apparatus or kit to practice
any assay or method herein. In one incarnation, such an

mers. Any point on the array that responded to the stimulus
would correspond to a series of proteins in the whole library.
This starting point could then be further optimized for the
desired property.



Sep. 12, 2002

US 2002/0127623 Al

46

STC'T'T'T OH PUe LTTT'TT

O ‘86T °T'T'T OH Ul papnpul paiefep Z8T T T'T Od
aseuagorpAyap

-J¢ 1o1p-1/ ‘Jg-oua-¢-1s91010 ST T TT Od
TETT T T OH W PIpnpul PP 08T T'TT OH
(daVN) 2seuaS01pAuap-T S0MX-0 6LT'T'T'T OF
oseudgoIpAyap

WVOO-1A140qIAYIRIE-Z-AX0IPAY-€ 8L T T'T'T OF
(davN)

aseusBorpAysp-1 2reydsoyd-¢-10120418 £/ T T TT OH
aseuaFoIpAyap proreisAxoipAy-ngI oLT'T'T'T Od
[urejord-1a11ren-jhoe]-14ovox0-¢ QOT'T T'T DA
aseuaBorpAyap proe-L13e]-AxoIpAy-z-(S) 66° T T'T O
oseuaBorpAydp proe-A11e-Axo1pAy-z-(a1) 86’ T'T'T O
aseuaBoIpAyap [0Y0oTe-14ZuaqAX0IpAY-¢ /6 T'T'T Od
asepnpal aeantddjAuaydoporip 96 T°T'T OF
aseuadorpAyep 2rerooA[oydoyd s6'1 T'T O
(DANV]

aseuaBorpAyep areydsoyd-¢-10120418 +6 T'T'T Od
2seuaZ0IpATp 2Je1Ne) €6 T T'T Od
(BuneAxoqredsap)

2s8IONPaI 93B[04 [301eX0 76 T T'T DI

(daVN) @seuaBorpAyap [oyooe-1Are 16 T'T'T Od
aseuaBorpAysp joyoore-1A1e 06 T'T'T OH

98'T'T'T O UI papnpoul “pae[op 68 T'T'T OF
aseonpal Yo-[ATeIn SR WAXOGIPAY 88 T'T'T O
aseuadoIpAyap

aredipeAxoIpAy-z-Ax0qied-¢ /' T'T'T DA
2SBIAWIOSIOONPIT PIOR-T0IY 9R T T'T O
aseuoForpAyap ajerewAdordosi-¢ S8 T'T'T OH
2seU2Z0IPATOP 2eRWAIAWIP +8 T T'T Od
(Bunje[Ax0qTEIaD)

aseuagorpAyap ajerew-J €8°1 T'T O

(daVN) 2seua3oIpAyap 21efew 8 T'T'T OF
2senpal 2jeantAdAXoIpAY IS T'T'T Od

(daQVN) @seuaBorpAysp jouedordost 98 T T'T DA
(davN) @seronpar 21eAx04[8 6L T'T'T OH
aseuaFoipAyep 2pAysprerel-q 82T T'T Od
aseronpar spAYap[ee] L. T'T'T OF

aseuaBoIpAyap [OIPaURING-(S°S) 9L T'T'T OF
aseuagorpAyap Teuedordounme-(3) <2 T'T'T DA
PIPIP $4 T T'T OA

aseuadorpAyap [ouepo ¢/ 1 T'T O

(daVN) @seuadoIpAyap (0190413 74 T'T'T OH
[(DaNv] eseusforpAysp joqoofe 12T T T Od
€T°C'T DA Ul papN[oul “paiRap 0L T T T O
2seudBoIpAyap-¢ dreuoon]3 69 T'T'T Od

S§'66°L'T OH 40U 89T T'T OH

oseuaSoIpAYRp-7 [oITuueW L9 T T T Od

25eu230IpATap PIOIdISAXOIPAY-00Z 6+ T' T T'T O
9seuaB0IpAYap-n.L T 1OIPeNsd SFT'T'T'T OH
25eu230IPATIp PIOIAISAXOIPAT-09T ¢T'T'T'T O
2seuaZ0IpAYIp PIOXISAXOIPAT-gIT Ob T T'T'T Od
95eUa801pAYIP PIOIIS- VAXOIPAY-dE SHT T'T'T OF
aseuaBorpAyap [oyoare-[A[uad + 1 T'T'T Od
aseuaZoIpAyap [011Aonbas ¢y T T T'T Od
aseuaBorpAyap [oyuid-q ZH T T'T'T Od

(aNv)

aseusBorpAyap urpue[deysordAxoipAy-sT THT T TT OH
aseuaforpAyap-z 21eydsoyd-9-1011910s oL T T°T'T OH
aseuaFoIpAyap 21e0UTIPAXOIPAY-M 99 T T'T OH
aseusBorpAiap- suxopuAd o I T'T OO

(daVN) 2seudsSoIpAyap-¢/ T 2u0I121s01sa 9 T'T'T DI
2seUaF0IpAYaP-g/ T 2U0IAIS01591 €O T'T'T DA
oseua30IPAYIP-¢ LT TOTPRNSS ZO T'T'T OH
9seUdT0IPAYIP 97eIANAAX0IPAY-+ T T'T'T Dd
asenpar areuordordoxo-c-AxoIpAy-z 09°'T°'T T DA
aseuaFoIpAyap ajeuordordAxoIpAy-¢ 65 T'T'T O
asejonpar aeuormese) S T T'T Od

asejonpar djeuoInPNy /6 I T'T OF

2seUIFOIPAY2P-Z TONQII OGS T'T'T OH

(“HAAVN) 2sernpa1 spAysprere] SSTTT Od
aseuaforpAyap [oyoore-1ATe S T'T'T OH
aseuaBoIpAyap prosdxorpAy-(4og 0)oe €5 T°T'T O
asersBoIpATap 2jeue[oUdAXOIPAT-0¢ ZS' T'T'T O
9SEUdZOIPAYAP ProIaIsAxXoIpAy-¢gJ(LT 10)¢ IS T'T'T DI
(oymads

-¢T) 9seua30IpAYIP PIOIRISAXOIPAY-0E OS T'T'T DA
aseuaBorpAyap-1 areydsoyd-9-asooni3 ¢4 I'T'T DA
aseudSoIpAyap-T asooe[ed Sy T T'T Od
2seua80IpAYap-T 2s0on(3 /4 I'T'T O
2seUdF0IpAYRP-T 2soulqere-T o4 T'T'T Od
2seudBoIpAYp-¢ dreuon3-T St T T'T Od
(3unelAx0qIedap)

aseuaorpAyep 2euoonBoydsoyd 4 1 T'T O
sseusBorpAyap-g oreuooniSoydsoyd ¢4 1°T'T OF
JdAVN) 9seuaorpAyap 21e1100st ZH T'T'T O
(aNV) oseuadorpAyap 2jen10sT T4 T'T'T Od
(AavN) (@unepdxoqrenap

-2]8190B0[EX0) dSBUATOIPAYIP 2Je[ewl O T'T'T D
(BuneAxoqresap) aseusFoIpAyap el 6" T'T'T O
(SunerAxoqreoap

-272)9080[RX0) 25EUIFOIPAY2P e[ew ¢ T'T'T DA
2seuaZoIpAyap ajefewr L€ T T'T O

2sBIONPAI YO )-[A190e031008 9" T'T'T Od
25eURF0IPAYRP YOO-[A0RAXOIPAY-¢ SE'T'T'T OH
(FHIAVN)

2sB100Pal YO )-TATeISTAYIRWAXOIPAY +¢ T T'T Od

oseuafoIpAyap 2181089I0pUL OTT' T'T'T OF

8T T'ET DOd MOU 60T'T T'T DH

2seUaS0IpAYSP-¢ 2UNTUIRd OT'T'T'T OH
2seudZoIpAyap- [exopuAd /0T T'T'T D
aseuaBorpAyap- areojued 90T’ T'T'T O
aseuaBorpAyap jounal GOT'T'T'T DA

asepnpar autjoidoxo-4 $OT'T'T'T OH
25eURF0IPAYIP-¢ SUTUOII-T €OT'T'T T OH
aselnpa1 auruedurydsoIpAyap-¢ ZoT'T'T'T Od
asejonpar aeydsoyd-suorsok[814oe 10T'T T'T OH
28EIPNPI3IT

(“HAA@VN) 2seionpal ajepeadtt €1 T'T OF
2aseIONPaI depleAdt 7E T T T OO

aseuaorpAyap 21e14IqosIAX0IPAY-¢ TS T'T'T O
aseuaorpAyap 21e14INqAX0IPAY-¢ O T'T'T O
aseuaBoIpAyap 218120418 67 T'T'T OH
aseusBoIpAyap 9eel-q 8T T T'T O
aseudoIpAtap ajeel-T /T T T'T OH

2seIONPaI R[AX0A[S 97T T'T'T OH
2seURZOIPAY2P-G 2jeWIIYS ST T'T'T Od
aseuadoIpAyap-¢ 27eumb +7 1 T'T Od
2seUIB0IPAYRD [OUIPTISTY €T T°'T'T Od
aseusSorpAyap-9 2s0onB8dAN T T TT O
asejnpal opAYLpre 1T 1°T'T Od

aselonpalr OQO&UH&OQOHE&LM OCTTTOA
asepnpal sjeuomon3-1 ¢T'T'T'T OU
aseuaZoIpAyap-z 1011s0UT ST T'T'T DA
aseuafoipAyap-¢ sreydsoyd-T-jonuuew 1T T'T OF
aseuaForpAyap-z jompoees oT'T'T'T DA
aseuaForpAyap-z [oNpl-d STT'T'T 24
2seua30IpAyap-z [ONP-T +T T T'T Od
aseuagoIpAyep-z [oiuiqere-T ¢T'T'T'T OH
aseuagoIpAyap- [ojuiqere-T T T'T'T O
2seUIZOIPAY2D- JojmuIqere-d [T'T'T'T Od
2sBIONPAI ISONAX-T OT'T'T'T OH

asepnpar 2so[uAX-q 6’ T T'T Od

(ANWV) eseusForpAysp areydsoyd-¢-10100413 8 1°T'T OH
aseuaBorpAysp ojeydsoyd-topeuedord ;11T DA
aseuaBoIpAysp (0199413 9 1°'T'T Od
aseuaforpAyap utopoe ST TT O
aseudoIpAyap jo1paueIng-(a¥) +' 1°T'T DI
aseuaBoIpAyap sumsowoy ¢ T'T'T DA

(daVvN) 2seua3oIpAyap [oyoofe T T'T OH
aseudBoIpAyep oyooe T'T'T'T DA

HOLJHOOV SV dAVN ¥O ANV HLIM

T'TTOd

SHWNAZNH dSVIONAFHIOdIXO AdVITdNHXH

¢ HIdVL



Sep. 12, 2002

US 2002/0127623 Al

47

asepixo asoueliAd QT T'T OH

asepixo asopeed ¢ ¢ T'T Od

asepixo auoprpoUOMI-T 8¢ T'T Od
asepIxo [oyodle-[A1e L°¢ TT Od

28ePIX0 012182012 9°¢'T'T DA

28ePTIX0 250X S'¢'T'T Od

asepTxo 2500013 ¢’ T'T Od

SSEPIX0 AE[RLl £°¢" [T OH

FTUETT Od 40U T°¢'T'T Od

ST € T'T O Ul pIpNPUE Pawap T T'T OH

AOLJHDOV SV NHOAXO HLIM

€T'T Od

(ess

-0 JWOIYO0IAD) 9seUdTOIPAYSP 91ee]-d ST T'T DA
2SBULZOIPAYRP JOYIUIWOU-(+) ROZ' T'T'T DA
aseuaorpAyap Joyjuaw-(-) /07’ T'T'T O
aseuaForpAyap aurdor 90z T'T'T DA
aseuaB0IpAyap JINT SOT T'T'T Od

25RUIZOIPAY2D dUTIUeX +0Z' T'T'T Od
aseuaoIpAy2p 2jeucIn ¢0Z' T T'T O
aseuadoIpAyap forpauedord-¢‘T ZoZ' T'T'T D4
(aavN)

aseuaForpAyap proreisixoipAy-ds 102 T'T'T Od
(PHAAVN) 9seienpar ajeydsoyd-g-asopie 00 T'T'T Od
asepnpar deusn-(S) 66T T'T'T O

aseuafoIpAyap joaurog-(+) 86T T'T'T Od

(aavN)

aseuaorpAyap urpue[deisordAxoIpAy-ST /6T T'T'T OF
(dAVN) 2seua3oIpAyap
q-urpue[3eisordxoIpfy-sT 96 T'T'I'T OH
2seuaB0IpATOp [oyod[e-TAWRUUD S6T'T'T'T D
2SBUIZOIPAY2D [OYODTe-[AIJTU0D 6T T'T'T Od
asejonpal [orm(outue[Asoquoydsoyd
-§)-9-ounue- €6T'T'T'T OH

aseuaBoIpAyap joyoofe-ureyr-3uo] Z6T' T T T Od
(FHavN)

asenpal apAyapeeoe-¢-2[opul 6T T'T'T O
(11avN)

ASRPINPAT APAYAP[RIIR-C-2[OPUT 06 T T T'T O
aseonpai-¢ cg-upueideisord 6T 1°T'T DA

oseyjuks J-urpuereisord SRT'T'T'T OA

2sBIONPAI ISOUWRYI-(J-OIPATRP-H-JAO LST'T T'T Od
25eu230IpAYap-9 250PeESJCALP 98T T'T'T Od
2seUZ0IPAYaP [00A[3-T ST T'T'T Od

(“HdAVN) 9sewPnpar [Auoqmed ¢8TT'T'T Od
2seUZ0IPAY2DP JoTuRIdE ¢ST'T'T'T Od

aseusSoIpAyap [o-g-usiony 9sz T'T'T OF
oseusForpAyop [oyuuew §67°T T'T OF
aseuafoIpAyap-¢ 2unuIed (S) +ST T T'T Od
aseionpal surpuad ¢S T LT O

asepnpal duaTeIydeuAXoIpAyeIR] ZST T T'T Od
aseuaforpAyap-¢ areydsoyd-1-1oimoees 1Sz 1 T'T O
sseuafoIpAyap-z [ormIqere-q 0ST ' T'T O

Sy1°S°C OH Se PAeIsuIar 647 LT OH

(HIAVN) 2seionpal sulpueinfes sy T'T'T Od
(HIAVN) 2Se100paI Uoutspod /47 T'T'T OF
aseypuds uidieooryd 047 1'I'T O

ISRUIZOIPATIP [OUBXAYO[IAD SHT T'T'T Od
aseuaS0IpAysp [ouBIPW +H7 T T'T OH
aseuafoIpAysp [00Amed ¢HT T T'T OH

6O T'E' T Od 40U TP T'T'T OH

25eu230IPATRP 2[0UDAXOIPAT-0pUa-9 THZ T'T'T DU
oseu230IPAYSP-T SUTWESOXIYTARO8-N O+C T'T'T DI
(anwv)

2seuaB0IpAYIP-T 9SOIAX-(T ST T'T'T OF
2seU2Z0IPAYIP [OIP-Z°T-2UeXaYO[AD 4/, T'T'T'T DA
aseuaZoIpAYep-T dsouweyl-T ¢/ T T'T'T Od
asejpnpar ajedipeoxo-7 ZA T T'T'T Od

0T'T'S'TOH a0ou IAT'T'T'T OH

(SuneiAx0qiessp)

2sBUIB0IPAYIP-¢ 918[AX0qIBIAUI)SI[OYD[AIOW
-0p-£x01pAy-gJ¢ LT T'T'T OH

asepnpal-g 2jeojuedorpAyep-z 69T T'T'T OH
(oyroads

-y) asepnpal suojejojuedoIpAyap-z SOT T T'T O
AsrUSTOIPATAP ARUOTRIAXOIPAY 0T T°T'T Od
aseuadoIpAyap

21BTAX0QIROURXAYOTIAIAXOIPAY 99T T T'T O
a5eu2301pAYp [0-T-UA[e-Z $OT T'T'T O
aseuafoIpAyep [ouesopexay $9T T'T'T D
aseuaZoIpAyap joueiuadopAo ¢OT' T'T'T O
asejpnpar aso[I&R ZOT T T'T Od
25BUITOIPAY2P-97 [0RIPIRULRISIOYD 9T T'T'T Od
aseuafoIpAyep [ojounqoIpAyIp 09T T'T'T O
25euaB0IpAYRp PTOIdISAXOIPAY-0, 6ST T T'T Jd
aseusForpAysp sjeweINWARe-N-ddN SST'T'T'T Od
aseusBoIpAysp wo-1AIAINQAXOIPAY-€ /ST T'T'T Od
(IavN) aseusTorpAyap-g 0199413 oST'T'T'T DA
aseruaSoIpAyap senmosowoy ST T TT OF
2seuafoIpAYap 918[00A[S0PIaIN +ST T T'T Od
asepnpar uudjderdss €ST'TTT O

aseuadorpAyap

-D¢ QUO-/ [-oueIsoIpue-¢G-AXoIpAy-0¢ ZST T'T'T O
(aavN)

25eUSFOIPAY2D PIOIISAXOIPAY-TZ IST'T'T'T Od
(ANV) 2seusfoIpAyap prom1s&xoIpAy-Iz 0sT T'T'T OF

asejonpai-,g upidorpAyeneijfoanidd-9 0z 1°T'T OH
asepnpol- ersydwoeorpAyp 6121 T'T OH
aseuaforpAyap-o sutydriow ST I°'T'T DA
aseuaBorpAyap

21RIAINQAROIPAY-TAIPW-Z-TAZTaq /T2 T'T'T OH
aseuaForpAyap [osoure] 9Tz T'T'T O
oseua301pAYdP-g 91pu0oN[3 SIZT'L'T OH

(oymads

-q) asenpal auopejojuedoIpAysp-z $IZ T T'T Od
(oymwads

-V) 9seu230IpAYap PIOIAISAXOIPAY-DE €T T T'T D
(FHAVN) 2sejonpal

[utoj01d-191IIR0-[A0R]-140R0OX0-€ ZTT T T'T DA
aseusBorpAyep

wvoO-1oekxorpAy-¢-ureyo-Suol 17 T'T'T Od
aseusBorpAap

P1o131s&x01pAY-(noz 10)de 01T T'T'T Od
2seUAZ0IPATIP PIOINISAXOIPAY-D(LT I0)E 60T T'T'T DA
TZTTT OH UT papnpout pajafap 6£T T T'T OH
(daVN) oseuoSorpAyep-z [ouuew ¢ T'T'T OF
aseuaforpAyep-g aeydsoyd-g-joqu /€T T'T'T OH
aseuadorpAyap

-9 durresoon[3[A1e0e-N-ddN 9sT'T'T'T 24
25eUdF0IPAY2D -t 2501B)-(J-AX02P-9-JAD SET'T T'T Od
25BU2Z0IPAY2P- 250[R-T-AX09P-9-JAIP +ST'T'T'T Od
2aselonpar MmOQENQHOHﬁ\AQMﬁlﬂlmEﬁ SETTTT OA
aseuaforpAyap-9 asoutewr gqo TET'T'T'T O
aselonpal ruomuusa TET'T T°'T OH
aseuadorpAusp-z ajeuomi-T-01pAysp-¢ 0TI T'T O
aseuaS0IpAYAP-¢ ARUoIN-T 62T T'T'T OH
aseuaoIpAyap-z S1BUOPI-T STTT'T'T Od
aseuadorpAyap

-¢ 21eu0oN[3-(J-AX00p-¢-0IpAYRP-Z /ZT T T'T Od
aseuadorpAyap

-9 21eU00N[3-(J-AX00p-¢-0IPATRP-Z 97T T'T'T Od
2seud30IpAYRp-¢ 2eU0IN[I-(J-AX02P-7 STI'T T'T Od
(dQWN) 2seus8oIpAyap-¢ 9soonty +zT'T'T'T Od
(dAVN) 9seus8oIpAyap-s 9s0qios ¢ T T'T O
oseuaB0IpAYoP-T 950P[e-0a1qI-(1 TCTT'T'T OH
aseuafoIpAuep-T 2s0p[e IT'TT'T OH

(davN) aseusBoipAysp-T ssopered T T T'T OH
(JaVvN) aseuaSorpAyap-T 9soon|3 ¢IT'T'T'T OH
(aNV) aseusfoIpAyap-1 2s0on[8 91T 11 T O
[(DANV] 2seuaSorpiyap-T ssouiqere-q 1T TTT Od
aseuaFoIpAyap-T ssouiqere-(T OTT'T'T'T OF

(davN) aseuaforpAyap-T asoqu STTT'T'T DA
asepnpai-T ssorde $ITTT'T OH

95eua50IpAYAP-T 2SO[AX-T CTITT'T'T OF
oseuaForphyap [ouepur ZIT'TT'T O

oseusBorpAyop oeor|(A-S-fozepry-¢ TITT'TT Od

SHWAZNH dSVIONAFIO0dIX0O AdVITdWNAXH

ponumuod-¢ IAVL



Sep. 12, 2002

US 2002/0127623 Al

48

asejonpar 2jeydsoyd-1AurenS-A-14100e-N 8¢ 12T OH
YOT'T'T'T Od aou L& T'TT OH

aseraB0IpATap [2UTIRT 9¢ 1T T O

COTTTT O M0u S'T'C'T OH

TETTTT OF U papNOUT “patefdp +¢ 1T T OH
aseuadorpAyep ajeojuedorpAyap-(3) €€ 1'2'T O
QpAYIPIETIIIS-jeuodNouTe Z¢ T'7' T O
aseuagorpAyap

apAyapremras-ajedipeounue-T 1€ 12T OH
(davN) sseusBoIpAyap apAyapre-[Are 0¢ 1'CT OH
2sBUIZOIPAY2D 2pAYpTe-1AIR 6212 T Od

(QANV) 2seua30IpAyap 2pAyapezuaq 82 12T Od
(Bunejhoe) aseuaorpAyap
spAyspleruas-ajeuoeWAYRW L2 1T T O
2seu230IpAYDp 2IBIS[CAOXOIP-ST 9T 1T T Od
(Buneyhoe)

2seUdZ0IPAYIP IRIS[BAOSIONO-Z ST T'Z'T DA
2seu230IpAYIP 2PAYIPIRTIIAS-21BUIONS +7° 12T Od
((INV) 9seuagoIpAyap apAyapieoxo-z €Z' 12T DA
2seu230IpATOp opAUIpPIeIR] 2T TT'T Od
aseuaZorpAyap apAyapre[ooA13 1Z° 17T Od
2seUa30IpATap 2pAyapleTIas-2jeIein]3d 0z T2’ T Od
oseuadoIpAyap spAyspleIAngoutue ¢T' 12T OH
(BuneAeoe)

2seU230IPAYRD 2pAYIP[RTURS-2JeUO[eW QT T'Z'T Od
aseyjuis surpueIn[Es S€¢ T'T O

aseyuis surunweqraq $£°¢ 't OH

2suuAs QUIOJIYIUB[IDYO-S €€°¢° T'T O

aseuhs aurdojAis(S) ze' €' T'T OO

SSRPIXO [OURYPUW T ¢ T'T OF

asepixo foqoore-[Autakiod g € T'T OF

3SBPIXO JUTWEBSOXIYTAOR-N 6Z°¢' T'T OH

2SBPIXO JPISOd[ONU 8Z°¢'T'T D

aseprxo ajeuelydAxoIpAy ;z°¢' T'T O

9SEPIXO JUTWEqUIN0d 97'¢' T'T O

9SEPIXO 9SOIQO[dD ST'C'T'T Od

2SEPIXO JUOPE[OU0PR[ES-T +Z°¢' T'T O

9SEpIXO UTWen) €Z'¢'T'T Od

9SEPIXO JUTYIUEX 7Z ¢ T'T D

asepixo aeydsoyd-¢-jo100418 12°¢'T'T OH

9SUPIXO (00O [e-UIRYo-3uo] O ¢ T'T O

SSePIXO 1e[PpUrWAXOIPAY-+ ¢T'C' T'T Od

ASEPIXO [Oon[R-AIRPU0NaS ST°C' T'T O

9SBPIXO JUIOYD LTCT'T Od

9SBPIXO AUOSAPI2 OT'¢' T'T OA

asepIxo pre-AxoIpky-z-(S) ST'¢ 'L Od
(BurzIIoWIIP) 95ERPIXO [OYD2IED HT°¢'T'T DA

9SBPIXO [oyod[e €T T'T OH

aseprxo-f 2urxoplAd Z1°¢°T'T O

2sepIXO 950qIos-T TT'CT'T Od

(davN) aseusSorpAyap opAyspre ¢ 17T Od

(ANV) dseuoFoIpAyop opAYpP[e £ 1T OF
aseuaSorpAtap ajewioy g 17T Od

(suoryieny3) aseuaorpAysp spAysprewioy T I°Z T O
FYOLdHDDV SV dAVN dO ANV HLIM
aseuadoIpAyap

1T Od

2SBIONPIIOPTXO IS0ONIF-25001]3 87'66° T'T D

(u1aRp) aseuaBoIpAyap suopeoiued-(3) L7266 T'T Od
25RUITOIPAY2D 2UOUBKAYO[IAIAXOIPAY-€ 97°'66'T T OH
(suoumb-aurjournbojorid)

aseuaforpAysp ojeumb $z'66°T'T OH
2seuaSoIpAYSUTI) PIOCOXO-PIOCAXCIPAY +2°66°T'T OH
(101do00%)

aseuaBoIpAyap joyoore-1Auiadiod €z'66° T'T DA
(103dooo€) oseusoIpAyap [0190413 72'66°T'T DA
(101doooe) aseuaBorpAyap 1011I0S-(T TZ'66 T'T O
(101doooe) aseuaForpAyap Jo-T-uey[e 0766 T'T DA
9seUdZ0IPAYSp [N 6T'66'T'T DA

(101d20o€) aseusfoIpAyap 250190720 8T'66'T'T O
(suoumb-aurjournbojorid)

2seuZ0IpAYap 2s0on[3 LT'66'T T OH
101daooe) aseuadorpAyap aje[ewl 9T'66'T'T OH

QuwoI00)40) aseusforpAyap areloe]-q + T T'T OH
awoI0)4o) aseusBorpAyap ajepel-T €' ¢ T'T O
awoI20140) aseudForpAyap jojruuett ' T'T O

S66°'T'T Od Mot T'T'T'T OH

HAATLAADDV SV HAWOAHOOQLAD V HLIM

TTT Od

2sBIONPAI
2500NFAX02D-9-0IPAYSP-H-JALP 99T T'T'T Od
ISBPNPIT [RURINGIAYIOW-¢ SOT T T'T Od
oseueforpAyop-g 27€UCpI-T 9T T'T'T OH

258PNPAI 2501ONIJ-J-0IPAYUC-GT €97 T'T'T Od
aseuaBorpAysp

aeydsoyd-p-autuoarAxoIpAy-+ 7oz T'T'T Od
[(Danv]

aseuaorpAyap 2jeydsoyd-1-101204138 19Z°T°T'T OA
2se3oNPaI duosedns 097 T'T'T O

asemaBoIpAyap vo-1AopuidAxoIpAy'e 6T T T'T DA
2seud80IpAYop 21e0UBXIYAXOIPAT-9 8ST'T'T'T DI
aseuadoIpAyap

91RUOJ[NSIUIZUSQ(JAYIPWAXOIPAY)-» ST T'T'T DA

66'T'T Od

(suournb) aseusForpAtap 2s01qOI[@2 T'S'T'T OH

FOLdHD0V

SV ANNOJWNOD dVTINIS O HNONINO V HLIM
STTOH

(2AnISuasuI

-uLrejresm) asejonpar apixoda-d-utweya v 1T Od
(aATyTSUDS

-unejres) asejonpar apixode-3f-uTweya T 1T Od

HOLdHOOV SV ddIA1NSIAd V HLIM

' T'TOH

(SuTnIoy-* ) 2SBPIXO 2PISO2[ONT 6¢°¢° T'T DA
28EPIXO [0YOOTe-[A[[IURA 8¢°C T'T OH

3SBPIXO JUOIOR[-H T -OuoUlqele-(] L£°¢T T OH
aseYuAs auIpeued(S) 9 ¢’ T'T D
aseuaBoIpAyep prordIsAxorpAy-(d.1)og 6£T T T'T O
aseusFoIpAyep pro1oishxolpAy-gJzI S€T'T°T'T Od
asepnpar sjeantAdilusydAxorpAy 1€ T'T'T OF
asejonpar suourtdor} 9¢z ' T'T O

asePNpal EU\AEHOHOUO«S.W SETTTT O
9sBIONPAI- JUOUBARY +¢7 T°'T'T OH
2seUaFoIPAYaP-T SUIWESOUURBWAdE-N ¢€7 T T'T O
aseuadorpAyap

2]2OUIRIIPIBSOIIAXOIPAY-ST Z€T T'T'T D
(dAVN) 2seua3oIpAyap
[-urpue[3e1sordAxoipAy-¢T 1€TTT'T OH
oseudBoIpAyap

21euTRYLIASA[SAX0IPAY-0¢ 0T T'T'T Od
osejoNpaI

2)BUIOONSOXO-¢-[AYIPW-T [AYIRTP 67T I'T'T Od
aseuaforpAyep [ouiqes-(+) g T'T'T Od
aseuaForpAyap joouwroq-(-) £LZg T'T'T Od
aseuaforpAyap
21BIAX0qIRO2UEXIYO[DAIAXOIPAY -+ 972 T°T'T DA
23$BPNPAT FUOIIPIOTYD SZZ'T'T'T O

asejonpar-g ajeydsoyd-g-asouuew 77 1°T'T OH
aseuaBorpAyop jousiuadidost ¢z 1°T'T DA
aseuadorpAyap

21e10R AU dAXOIPAY-H-(¥) ZTT T'T'T Dd
9seUdB0IPATP-t [OT[OJTOA TTTT'T'T OH

SHWAZNH dSVIONAFIO0dIX0O AdVITdWNAXH

ponunuod-¢ FIGVL



Sep. 12, 2002

US 2002/0127623 Al

49

2SBIONPAI [019)S0 [OUPOIPAYSP-L TZ'T'E'T OH
aseuoBorpAyop

[OTp-g [-2U2Zu3qoIpATIp-¢ T-5U2r) 07 T'€'T OF
aseuadoIpAyap

[O1p-Z T-oUSZU2qOIPATIP-ZT-510 6T T'C'T OF
aseuadoIpAyap

[o1poIpAYIP-g°, -21euanuiy 8T'T°¢'T OH
9SBIONPAI S[OPUIXOIUI[AYIOW-¢ /T T'C'T DA

(“HAAVN) 2se1Pnpar 2123010 STT'ET OH
(FHAVN) 2se1onpar 21e1010 $ T T°€'T OH

(davN) aseuagorpAyap areuaydard €1 1°€'T DA
aseuaBorpAyap 2jeuaydard Z1'1°¢T OFH

asejonpal 9jerewmnod [T T T OH

(oywads-g ““HIAVN)

asejonpal [ujord-atires-[Aoe]-jAous OT T¢I OO
(FHAvN)

asejonpai [uwiord-rones-14oe]-1A0us 6°T°¢'T O
(ACTYN) 9seuaBoIpAyap voO-1A%e S 1€ T O
aseuad0IpAyap 21enIel-0soW /T T Od
(FHAVN) 2senpar serewny o' T¢'T OF
3se1ONPal-_, YV TR T¢I Od
2SLPNPII-D SUOSTHOD +°1'¢ T D

asepnpai-g suosniod ¢ 1°¢'T O

(dAVN) 25euaB0IpAYsp SulprutAdorpAyip ' 1'e T Od
(aNV) oseuadorpAysp [LemopAyp T1¢T O
'€ od

HOLJIOOV SV dAdVN dO ANV HLIM

T'e'T Od

(daVN) 2seuaFoipAyap 2rerenydoxo 75 17T DA
(IAVN) 2seuaSoIpAyap seaniAd 1517 T oA
2seIONPAI YO)-[Ade-ANR)-UTeyo-3U0] 0S'T'Z'T Od
(dAVN) 2seU2501pAY2P SPAYIP[ROX0-Z 64" T'TT OH
2seUIB0IPAYRP IPATRPIR-UTRYD-3U0] 8% 17T Od
oseudBoIpAyap

spAyepleIAMQOTUCWWBIAYIOWIN+ £ T2 T OH
aseuaFoIpAysp apAysplewtiof o4 1°Z'T Od
oseusFoIpAysp spAysperuss
-9-2TRUOINMIAXOIPATY-Z-AX0q1en0t S 12T Od
25BIONPAI YO-JAOWEUUID ++ T'Z'T DA

(daVN) aseuaSorpAyop 21eWIof €4 1°2'T OF
(Bumneboe) oseuaSoIpAydp [eURIPEXIY ZH' TT'T O
2seuaZ0IpAyop apAyop[eTuas-g-ajeweIn]3d T4 '’ T O
25BIONPIIOPIXO

-97 [8-97-UeISI[OYOAXOIPAYIII-OZT “OL ‘O 0% T'TT Od
aseuafoIpAyap apAyapleredeliuayd ¢ 12T O

66°C'T Od

asequis sjerendoxo-7 ¢ L 7T Od
aserjuis 21e14NqOX0-7 7L T T Od
aseyjuis ajeantAd 17T OF
FOLdID0V SV NIHLOYd dNATAS-NOII NV HLIM
asejonpai sekoeonu-g 9T T°¢T O
LTTOH

(oprueody)

aseuafoIpAysp 2jeoueInqoXO-Z-JAYRW-¢ +' 7T Od
P T T OF UL pAPNOUL ‘PRRep £ T T O
aprmeodry) aseusforpAyap ajereniSoxo 74 7T O
(eprwreodiy) aseusSorpAyap steantAd T'+°7'T DA

AQLAADDV SV HAIATASIA V HLIM

+CT Od

asepixo aeantAdjAuaydAxoIpAy- c1'¢ 7T Od
9sBJAYIoWAp d[[IURA TT'€'T'T DA

9sepIXo [eUNRI [T'€Z T DH

SSEPIXO IpIXOoUOUW-UoqIed OT'¢ TT OH

asepixo apAyeple-141e ¢ ¢’ T Od

aseprxo Texopuid 8¢ T OO

ASRPIXO APAYSP[RIFOR-C-A[OPUTL £ ¢ 7T Od
(BuneA1poe-yoD) aseprxo ajeanthd 9'¢'Z'T DA
asepIX0 2R[AX0A13 S'¢ 7T OA

9SEPIXO 9JBEX0 £ ¢ 7T Od

(SunyeiAoe) aseuadorpAyap 21e[AX0A13 LT T°CT DA
[(Danv]

9sBURF0IPAYIP SPAYSPIRILS-21RUI0NS 9T ['Z' T DH
2seUF0IPAYIP SpPAYIp[RIAS-21RUO[RE ST T°Z'T OH
SOTTTT OH a0u T I°TT Od

(Bunejdroydsoyd) (JQvN) @seuadorpiyap
areydsoyd-¢-opAyeprereod(s €1 1T T OF
(Buneiioydsoyd) aseuaForpAysp
sreydsoyd-¢-opdyapreisod(s 1 1T T Od
aseuaBoIpAyap apAyaprnuas-aeuedse 11 T2 T O
(SunejAieoe) aseudBorpAyap apAyaprelede o1 1°Z'T O
(daVN) aseuadorpAyap
ajeydsoyd-¢-opAyaprerddi|8 ¢’ 17T D4
aseusFoIpAyap apAyspre-auteleq 8 17T O
(daVN) aseuaBoIpAyap apAyaplezuaq £ 17T OH
PaRPP 9'1T°TT Od

[(DANV] sseusBorpAyap apATaple ¢ T°C'T OF

(19s-q

2WoI00)4£0) 9seUITAXO OPIXOUOW-U0QIEd 7 7' T O
(ess

-0-0WOIYO01A0) 9sBUTOIPAYIP 21WIOY €77 T DA
(oworyo0142) aseusorpiyap seantAd 772’1 O
(woI001A0) 9seudSoIpAyap ajeuwiof 1'7°7'T O
JOLJHOOV SV HNOYHOOLAD V HLIM

TTTod

2SRUIBOIPAYRD 2PAYDP[E-TAIRJTUOD 89'T°C'T DA
aseusBorpAyap uluea (917 T OH

aseusBorpAyep

apAyeprenioy juepusdep-foryioodw 99121 OH
aseuaZoIpAtpp SpATRpIe[AdTes GO T T O
25eu230IpAYID SPAYSPILZUIQAXOIPAT-+ +9° 17 T DA
95eU250IPAYSP 9180UBXIYOX0-9 €9'T7'T OF
25eU230IPAYIP 2)PUOINSIUIZUSGTAWIO)+ TO'T'Z T OH
aseuadorpAyap

QPAYIPIRTIdS OTUOONWAXOIPAY-+ 19 T'Z' T D
2seua30IpAYIpP SpAYIPRTLUS
-OTHOONIIAXOIPAY-Z-TAYIRWAXOQIEd-¢ 09 17T Od
(BunejAroydsoyd) ((J)ANV) dseusBoIpAyap
ajeydsoyd-¢-opAyaprernii8 ¢S 17 T DA
(Bunejhoe)

aseusJorpAyep ojeAxokB1Auoyd 85 12T OH
aseusBorpAysp [eueing /6 17T Od

aseuaZorpAyap 19180 ProeAX0IPAY-¢-(S) 9 12T O
aseuafoIpAyap 10150 porAxoIpAy-¢-(N) $ST°T'T Od
aseusForpAysp apAyspeiéinqourpruend-k +$ 17T OH
aseuaBorpAyap

opAyap[eIRoR[AUaYdAXOIPATY-4 €S T T Od

S'66°L'T OH MOU CT'66°'T'T OH

aseudBoIpATap 278100413 v1°66°T'T DA
95eUa30IpAYIp-¢ op1soon|3 ¢1°66° T T Od
2seUBOIPAY2D 250GI0s Z1'66'T'T OH
25RUITOIPAY2P-G 250001 TT°66 T'T O

(101doooe) sseuaBorpAyap 950003 166 T'T DA
aseusforpAyep-¢ suxopuid 6'66°'T'T OH

(101deooe) aseuaForpAyap [oyodte §°66°T'T O
aseuaBorpAysuer) sjeewr-ojee] L'66° T T Od
aseuafoIpAyap por-Ax0IpAy-z-q 966 T'T O
aseuaFoipAyap 2eydsoyd-¢-10120413 S'66°T'T OH
2seU230IPAYIP 21eU0ONSOIPAYID +766 T T O
2seuaoIpATap-7 21euoon3 €'66°T'T D
aseuagorpAyop 21ereN[SAX0IPAY-Z 7°66'T'T O
2seudS0IpATOp AUTOYD ['66'T'T OH

SYOLJHOOV YdH1O HILIM

SHWAZNH dSVIONAFIO0dIX0O AdVITdWNAXH

ponunuod-¢ FIGVL



Sep. 12, 2002

US 2002/0127623 Al

50

aseINPaI Yo -[AoZuaqAx0IpAY-+ 0766°C T OH
2$BIONPIIOPIXO

-7 2ejdxoqreo--auTjouib 61°66°¢C'T Od
2sePNPIIOPIXO-H JepeuInb 81°66°C'T DA
asenpalopixo-z autjoumb /T'66°¢'T DA
asejpnpaIopIxo-T auroumbost 9T°66'¢'T OH
aseNpal Yo-140zU2q ST'66°C'T O
2seuaS0IPAYSP SUOUBXIYOAD $1°66°C'T DA
aseuadorpAyep yo)-1Aoe-uteyo-3uo] €1'66°C'T O
2seuaF0IPAYRD VO-JASRIAYIRW-Z ZT°'66°C'T OH
2seUdTOIPATIP 97810I00IPAYIP TT°66°C'T OH
25eUIB0IPAYRP WO-[AI2[BAOST 0T 66°C'T OH
aseusBorpAyap 2jeuozerdorofo-d 666 €T OH
sseuaforpdyep voO-[domj-g 8°'66°€'T OH
sseuaBoIpAysp voO-TAI®INIS £ 66T O
aseuaB0IpAyop- PIOIdIS-¢G-0X0-€ 9°66°C' T O
9seUIB0IPAYD- PIOINIS-NG-0X0-€ $°66°C T DH
2seuaS0IpAYIP-T PIOIANSOXO-€ +'66°C' T O
aseuaoIpAyap voD-140e €66 €T OH
aseuaBoIpAyep voO-1A1A1Nq 7'66°C'T DA
9seuaBoIpAtap 91euIons T'66°C'T OF

SUYOLJHOOV YHHLO HLIM

66'¢’T Od

2581ONPAT FJCUTIOOTUAXOIPAY-9 T'2 ¢ T OH
HOLJHOOV SV NIALOYd dNATAS-NOYUI NV HLIM

L€T OH

(auoumbiqn) aseusForpAyap ajeu™Ins 1°6°¢T OA

JOLdHOOV
SV ANNOdWOD IV TdY YO HNONINO V HLIM

S €T Od
susreyjydeudxorpAyTp-g T-0IpAyIp-z°1-s1 6T T°C'T Od
sseusBorpAysp
21R07USqAXOIPAYIP-¢ T-0IpATIP-€°C ST T'E'T O
2SBIONPAI [BUSDIPEXIY-Z L2 T°CT DA
asepnpal 21eurjodtdIpoIpAyIp 9Z° T°¢'T O
2seuaB0IPAYIP 9Je[AX0qIED
-1 -OUAIP-“Z-BXIYODADAXOIPAYIP-9‘T ST T'C'T D
aseionpal UWIPIRAIG $Z°T°CT Od
2sBIONPII-g/S dUOUISI[OYD €7 T°C'T D
2SBIONPII-NG JUOUISAOYD 7Z'T'C'T Od

ISEPIXO AULAQIIQOIPATRIR] R ¢ ¢'T DA
9SBPIXO [ORINOIPAYIP £'¢°¢'T Od
2sEPIX0 YO-1A%¢ 9'¢'¢'T DF

9SBPIXO UIQNIIIq ¢'¢"¢"T OH

aseprxo uadounAydiodojord ¢ ¢ T DT
asepixo uaFouuAydiodordos ¢¢r¢'1 OH
asepIxXo [oraisoyIe] 7 ¢ ¢’ T DA

9SEPTIXO 2JBIOI00IPAYIP T'¢°C'T D

YOLJHO0V SV NHOAXO HLIM

€¢T Ood

aseuaorpAyap suojpejouooeed ¢7°¢'T OH
€66°¢ T OH M0U TT°¢'T OH
T66°€T OH M0U T'T°¢'T OH

YOLdHOOV SV HWOJHOOLAD V HI1IM

TET Od

aseIoNpaI UNedZ 6o 1°C'T Od
aseraoIpATap 21e[AX0qIRdSUDTP
-G‘g-exagoPAAYIAI-0-AX0IPAYIP-TT 9'T°C'T OF
25eUaF0IpAYIp 2I1B[AXOQIRD-T-SUITP
-G“€-eXaYO0PAS AR W-H-AXOIPAYIP-ZT-s1 L9 T°C'T DA
2seu280IpAYIp [0Y22IEITAYIROIPAYIP-STO 99°T°C'T DH
aseuadoIpAyep autjoumboipAyena)

-9°6C T -0x0-Z-[Ayow-g-AX0IPAYIP-9°S O I'¢'T OH
aseuadoIpAyap

[0TpOIPAYIP-s©-6 Aereqiqd +9 1€ T OF

35BIONPI YOO-[A0ZUQOIOTRIP+T €9'T°€T OH
oseudBorpAyap vo-hopwtd 7o 1'¢ T OF
aseuaBorpAysp

asePNpal 2RIAX0QIED 9°66°C T O
25eUSZ0IPAYSP UBINJOURYRUWIAULIO} S 66 7 T OH
SSRINWISIP SPAYSIPTRWIOY $'66°C T DA
(ououmb-aurjournbojonAd)

aseuagorpAyep apAyapre €667 T OH
2seUaF0IpAYRp SPIXOUOW-UOQIEd 7'66°C T D
61°66'TT OH M0U T'66TT OH

SYOLJIHOOV ddH1O HLIM

25eU2FOIPAYRD 21B[AXOQIEORUIIP
~*Z-eXOYORAS AW -G-AXOIPAYIP-9°T 65 T'€ T OH
aseuaBorpAtap
Srewno-d-oIpAyIp-¢°Z-AX0IPAYIP-€°Z 8S°T°€'T OF
asejonpar joupnidoronyd /¢ T°¢'T DA
aseuaBorpAyap

[o1p-¢“C-1AuaydiqorpAyIp-¢ -1 95" 1°¢"T OH
2SEUITOIPAYIP 9Je[AX0qIED
~1-2UdIP-§°c-exaY 0[P AdAXOIPAYIP-T I-SI0 S 1°C'T OH
asenpal ¥9-urioodid 6 1€ T O

25BUITOIPAY2D 2IR[AXOQIBIIP-H°T

-9UAIP- G T-eXYOPAAXOIPAYID-H°C-(JF*SE) €5°T°C'T OH
IseIoNpPII

VOO-1A0US-UTEY0-paYDUeIq-[AYII-T TS T'E'T OH
asePNpal URZPIePAXOIPAY-Z 1S T°C'T Od
TETTTT O 40U 05 T°¢'T O

aseuaBorpAyap

[01p-t ‘c-ouaryiueusydorpAyIp-#°c-s1 6% T €T OH
urpuergeisordoxo-GT 84°T €T DA

2sBIONPII-ZT UINOIUES-0 /' 1°C'T D

98BINPaI V-UTURY20Iq 9F'T €T Od

2SBIONPAT JUOABHOSIAXOIPAY-Z SH'1°C'T OH
(aNV)osepnpar yoO-1Aoua-z-suen T €T Od
25eU2B0IPAYDP TAURIPRXAYO[RAD ¢ 1°C' T OH
asejonpal aeoudpoAydoxo-zT 74 1€’ T DA
aselonpal UneWwoyueX [H 1€ T Dd

2581oNPAI IBOUSIP
p*z-exay[Aueyd-9-0x0-9-Ax0IpAY-Z OF 1€ T OH
(cypads-v THIAVN)

asepnpal [umord-1atren-1Aor]-[Aous ¢’ 1°¢ T OA
(*HAAVN) 9seonpal yoD-[A0ua-z-suen 8¢ T°¢ T Od
(“HAAVN) 258R1pa1 VOO-TA0ua-Z-s0 LT €T DA
aseuaBoIpAyap duTZIYososs1as 9¢ T¢I OH
asemjesop sutoyplApreydsoyd ¢¢ 1°¢' T DA
(“HAAVN) 25e301PaL YOO-[A0ULIP-HT £ T°¢"T OH
asejonpal apifjAydoroyooiord ¢¢'1°¢'T DA
2sBIONPII 9JBIPOR[AI[RW TS T'C' T DA

asejnpal ajeoud-g IS T°C' T DI

I8LPNPIAT-DG MQOH@&M@WOHQ 0 TeT OH
aseusBorpAyep

asepixo aeaniAd ¢ ¢ 2'T OF
TTETT Od a0u ¢ TT O
9sEPIXO SpAYIPIE T'€T'T OH
FOLJHODV SV NHOAXO HIIM

€TTOd

SHWAZNH dSVIONAFIO0dIX0O AdVITdWNAXH

ponunuod-¢ FIGVL



Sep. 12, 2002

US 2002/0127623 Al

51

§9T Ood

(“HAVN) 2sE1P0p31 2PYISIP-VoO 0T 49 T DA
(HdAVN) osepnpal sunskojAwen(3-A-sig 6¢'+9'T Od
asenaforpAyap auido 7' T ¢'T DA

(‘HIavN)

95BIONPAT WNIUTNOTRIOIPAYIP-ZT LT T°S'T Od
aseuadorpAyap aurdouere-g 97 1°¢'T OH
oseuaBoIpAyap

2)ejAxoqies-autjoydiowory) $Z'1°S'T Od

aseqIuis sunruIo([AYieAxoqres)- N +Z I'S'T O
aseuaforpAysp swdome) €7 1°S'T DA

sseuaforpAtap suiquons 7z T'S'T Od

asepPnpat HmTmMon_.Eo.N.odmovﬁu%m.ﬂﬂ IZTST Od
(CHaavN)

aseuaoIpAyap auLnel 766+ T OA

aseuaForpAyap auredou-(1 6 T'T°ST OA
aseuaBoipAyap autpayds ST T°S'T O
aseuadorpAyep auidouere /T 1°S'T O
aseuaforpAyep autdosA-qQ 9T T°S'T Od

(aNw)

2SBUSS0IPAYSP SIR[OJOIPAYRIASUSIAYIW ST T'S'T OH
1T T°'S T Od UL PIpNPUL “paRRP $T°T°S'T Od
oseuaBorpAysp oeunooTd €T T°S'T OF
aseusForpAyap ojejAxoqres-g-auronAd-T 2T 1°S'T Od
sseuaForpAysp suidowo-q IT'T'S'T O
(Bunuioy-ojetuein3

-1AAVN) aseuaforpAyap aurdoeyaoes 9T 1°S'T O
(Bunuroj-ojeweIn3

-T'(INV) 2seuaBorpAyap surdoreyooes ' 1°¢T DA
(Burnmro}-ouTsA]

-T'dAAVN) 2seusforpAyap sutdoreyooes g T°¢'T O
(Burnmro}-ouTsA]

-T‘ANV) 2seusBorpAyap surtdoreydoes / ['G'T Od
9sBUIB0IPATP 918[0JOIPAYRIINAWLIO) O TG T OH
(davN)

2s8uaB0IpAYp 2)L[0JOIPATRIRPUITAYIW ¢ T'S'T D
€T°S'T OH UL pIpniour paREp $'1'S'T OH

asejonpar 21e[oJoIpAYIp € 1'S'T O

asejpnpal sjefhxoqres-g-aurontAd 16 1 OF
asepnpal ajefAxoqren-g-aurouAd 1161 OF

AOQLAADDV SV AAVN A0 NV HILIM

T'¢'T Od

252U2F0IpAYPpP SUNUBIAYIPWIP 0T 66°S'T O
aseuoBorpAyop
uuadoueypworpAyeneRua Yo 6'66°S T O
aseuadoiphyop autord 8'66°S'T O
25eu2Z0IpAYIP AUTWRIAYIRWIN £ '66°S'T DA
aseuafoIpAyap sutprunads 9°66°S'T DA

2seudBoIpAYp SUTWRIAN[RIR 66+ T Od
2seU2B0IPAYDP JUTWER €66+ T O
25eUSFOIPAY2P poe-ouTwe-J 1'66 %' T Od

SYOLJHOOV dHdHLO HLIM

66'¢v'T Od
2sBIONPII 21R[OJOIPATRIIDIDUIIAYIOW O T°S'T D

UTXOP2IId)) aseIIuAS 2jewen|3 'L+ T O
FOLdID0V SV NIHLOYd dNATAS-NOAI NV HLIM

L¥T Od

(SuneAxoqresap) aseusBorpAyap auwAIS T+ T Od
(forqnp) eseronpar sutjord-q T4 T OH
aseusForpAyap-9 sutsk] T T+ T O

HOLdHOOV SV ddIATNSIA V HLIMA

¥ T OH

uonIppe pasodord asepIxo UTUT0IAD QT ¢+'T DH
asepixo-g‘o ueydoidAn L1 ¢ T Od

asepixo 2jeyedse-T oT'¢+'T OH

asepixo (jenedse-(P)arewen3-q ST €H'T O
aseprxo U $T €7 T OF

98BpTX0-9 2uIsAT-uPioid €T ¢ %' T DA

2SEPIXO FUTWEIAXSO[OAD ZT ¢+ T Od

asepixo sjeweinS-T IT'C+ T Od

asepixo aumsannd o1 ¢+ T OF

'€ T OF U PapNOUL “PIRRP 6°€+ T OH
9SEPIXO JUTWRIOURYR R €+ T OH

asepIxo ajeweIn3- L €+'T Od
(ButuTeIuoo-10ddos) asepixo sutwie 9 ¢ T DA

9SEPIXO poB-ounuEe-T-[AYPW-N T'¢'s'T OH
SEPIXC JUISOdIES T'C°¢ T OH

HOLdHdO0OV SV NHOAXO HIIM

€S¢TOH
aseprxo ajeydsoyd-ourntmexopuid ¢'¢ v DH
(BuTuTRIUOD-UIAR]]) 9SBPIXO SUNE ¢ ¢'T OH
9$BPIXO pror-ouNwe-(J €€+ T Od
9SBPIXO ploe-ouTwe-T '€+ T Od
asepixo 2jepedse-q T'¢H'T Od

HOLdHdO0V SV NHOAXO HILIM

€T Od

(aworyo0140) aseuaSorpAyop auwA[3 T'2%'T O

HOLdHOOV SV HWNOYHOOLAD V HLIM

YT od

aseuaForpAyep autuerejAuayd oz 1+ T OH
aseuaforpAyep ueydoyddn ¢T°1+'T DA
aseuaForpAysp amsA] ST'T+'T Od

(“HAVN) asequis apwen|s +T 1% T Od
(“HAAVN) sequks srewein(d €1 T+ T Od
aseuaorpAyap ajeouejuadourwiep-+z 2T T+ T O
2JEOUBXITOUTIEIP-G*C-ONIAI-T TT'T+'T DA
aseudForpAyap ouwA[3 T T+'T O
9SEUdTOIPATOP JUDN 6 T+’ T DH

(dAQVN) 2@seuadoIpAyap aulfea ST+ T DA
2seU2B0IPAYDP 2UTIRS L T+ T OH

T'v'%'T OH Ul PAPNPRUL PIRPP 9'T'H' T OH
aseuaBoIpAyap proe-ouTe-T $' T+ T O
(davN) @seuaSoipAyosp ajewen|d ' 1+'T DA
[(@aNV] eseuadoipAysp sjeweni3 ¢ 14T O
sseuafoipAyop srewein(d g T ¢ T OFA
asrusfoIpAysp auture T'IH'T Od

HAOTLAADDY SV AAVN HO (INV HIIM

TFTOd
[OIPOIPAYIP-SIO-7T dtereyiydara) 19°1°¢'T O
oseudBoIpAyap
To1poIpAyIp 2uaydoTyiozuaqip 09 1°¢'T OH

SHWAZNH dSVIONAFIO0dIX0O AdVITdWNAXH

ponunuod-¢ FIGVL



Sep. 12, 2002

US 2002/0127623 Al

52

aseusBorpAysuen

suomremS-yop-ouonemd ¢+'8'T OF

(auoTyienyd) asejonpar apynsip-viajord 74 9T O
aseuaForpAysuer) aunsfOOWO-2uoIIRINIS T'H'S'T Od

HOLdHOOV SV HAIATNSIA V HLIA
8T Od

9SEPIXO [OTPURYIW +'¢'§'T OH
asepIXo duOIIRINIS £'¢'y'T OH
asepIXo o1 T'¢'S'T Od

sseprxo 2ags €8T O
FOLdHIOV SV NHOHAXO HLIM

€8T Od

9SBIONPII JUSIONPOPIUERIIIL-Z-AX0IPAY-N €199 T D

aseIoNpaI

suszuaqAxoze[Ausyd(ounuejAyRWIp)-f 7199 T OH

(CHAVN) 2sejonpar sutwe[AXoIpAy 11°9°9'T OF

25BIONPaI IPIXO-N-2uIoumbon OT°9'9 T O

ASRPNPAL APTXO-N-IUTUR[AYISWIN 6°9°0 T O

asenpal JNOD 8990 T Od

95B1ONPAT SUIZUIGOZE /'9°9'T DO

asejonpar aTuodAY 9°9°'9'T D

€66°L'T O M0U S'9°9'T DH

[FH())ANV] 2sernpar 218010 $°9°9'T O

ANEmQ<Zv 28eIONPAI BT €°9°9° T O

[FH(D)ANV] 2se0npal 97e1TU 2°'9°'9'T D

(PHAVN) 25200paI 272110 T'9°9'T Od

HOILdIDOV SV d[10YH SNONIDOATLIN V HLIM
9'9'T OH

asejonpar sucutnbozuaq— ‘I-AX0IpAY-7 269 T OH

(IIJAVN) 2seionpar suouinbozuag-d 9°6'9'T OF

aseionpal suoutmb:HIAVN $°6°9'T O

(PHAVN) 258I0Npal 918qI00SEOIPAYIPOUON 69 T OF

(ououmbiqn) aseuaZoIpAyep THAVN £6'9'T OF

T66'9'T OH Mou 7°6°90'T OH

PaR[PP T°S'9'T OH

JOLdHOOV
SV ANNOdNOD dVIINIS ¥O HNONINO V HLIA

2se10NPAI JUTWE[AXOIPAY T'66 LT OH

SUYOLJHOOV YHHLO HLIM

66°L'T Od

2SBIONPAI IeNTU-UIXOPALI '/ L T O
2SBIONPAI IeNTU-UIXOPAIIY T/ L T Od
FOLJHOOV SV NIHLOUd dNATNAS-NOAI NV HLIM

LLT Od

asepixo ajeouedordoru-we-¢ ¢ ¢ T OO
SEPIXO SUTWRIAXOIPAY +°'¢° LT DOF

aseonpar suotyouedAn 8470 T DA

(*HAVN) 2sepnpal sjesnFeredse /+'9'T O
(HAAVN) 2seonpar 2uo1ien(3-yod 9'%°9° T Od
(HdAVYN) 2seionpar UxopaIoly) ¢'+'9 [ OH
[H(d)aNV] eseronpar apynsip-uwiord £'4°9'T OH
¥'T 8T Od 40U €49 Od

(HIAVN) 2s8100pa1 2uon1en[s +'9'T Od
(PHAVN) @sepnpai 2upnsks T $°9°T OF

HOLddO0V SV ddIATNSIA V HLIMA

+'9°'T Od

2sB10NPAI UIqOIFOWIYT2] 979 T D
25BIONPAT Co-0WOIYO0IA-HIAVN S79'T O
asejonpal uRjoIdowdqIR-HIAVN + 79T O
PIRPRP € T9T OH
35RIONPAl $q-9WOIYD0IA TT9 T DH
€°66°9'T O M0U T'T°9'T DH
HOILdHOOV SV NIHILOdd HWHH V HLIM

T9'T OH
(oymads-gy) aseuaBorpAysuen (HANV T T°9'T O
(oymads-q) sseusorpAysuen (DANV T'T'9'T Od

FOLJHdO0V SV dAVN d0O ANV HLIM
19T Od

2se)oNpal UlIR)doueyiRWOIPAYRIII[AUIIO
-0tN‘eN Jmpuadep-9cryg 2wAZU200 1T°66°S'T Od

asepnpar 2uiptYdoIpAyIp £°66°9°T OH
(ououmb) oseusBorpAysp CHIAVN 9'66'9'T Od
(2uouTnb) asevaForpAyap THAVN $'66'0 T O
TTST'T OH M0U +°66'0°T OH

aseuaBoIpAysp “HAVN £66°9°T OH

(suoumb) aseusBorpAuep “H(IANV T66'9'T OH
aseuaBoIpAuap “HAAVN T 66°9'T O
SYOLIHO0V YAHLO HIIM

66°'L'T Od

(u1aey) aseuaBorpAysp “HAAVN 89T Od
(NINA) eseuaForpAyep “H(A)ANY T'8°9'T OH
FOLIAOOV SV NIAVTA V HIIA

SO'T OH
aseuaZoIpAyap 2reweINIAYPW §'66°S'T O
2seUaS0IPAYIP SUTIOOTU +°66°S T D
aseuaforpAyap se[002did-T € 66°S'T OH
aseuaBoIpAyap SUDAISIAYPWIP 7'66°S T O
oseuaB0IpAyap sulsodies 1'66'S'T OH

SYOLJHOOV YdH1O HILIM

66°S'T Od

aseusBorpAap
uoIdoAR[-BUTLIAJSTRN -UOIPAD T'6°¢ T O

AOTAHADDV
SV ANNOJWNOD dVTINIS O HNONINO V HLIM

S'S'T Od

aseryuis aurdezerpopruuAd 1476 T DH

FOLdHODV SV HAIA1N1SIA V HILIM
v'ST Od

asepixo autpuyjueusydozusqoipAyIp Z1°¢€°6'T Od

asepixo sutwek(od 1T°¢°¢' T OF

AsepIX0 SUMAFATaWIP 0T'¢°S'T OF

ASBPIXO AUIMNIIRI 6°¢ ST DH

§€°€° T DOH UL papnpoul “pa1dfap 8'¢°¢T DA

asepIxo aje[ooadid-T /¢'¢'T OF

28ePTXO JUTOITUAXOIPAT-9-() 9'¢'S T O

28ePIX0 AUTOOTUAXOIPAT-9-(S) $'€'¢ T O

9SEPIXO SUISA[-TAYIPW- N +'¢°S'T Od

pawRep £€¢°6'T O

SHWAZNH dSVIONAFIO0dIX0O AdVITdWNAXH

ponunuod-¢ FIGVL



Sep. 12, 2002

US 2002/0127623 Al

53

66'CL'T
25eUZ0IPAY £0-2WOIYD0ILD T2 ZT'T O

HOLdHOOV SV HWOYHOOLAD V HLIM

TTr'T Od

aseusBorpAyap uaSoIpAy 71T T OH
T°66 8T'T OH aoU T T'CT'T OH

HOLJIOOV SV dAdVN dO ANV HLIM

T2 Od

aseprxorad suedordiArerp +1°IT'T O

aseprxorad ssoueluew ¢ IT'T O

asepixorad

suoryren[d aprxoredorpAy-pidroqdoyd T IT'T OF
aseprxorad ajeqroose-T TT'IT'T Od

sseprxorad apuoryo T IT'T Od

aseprxorod somprenis ¢ 1T T OH

(UTXOPaIIa)) aseionpar AYIns TS T Od

HOLJHOOV SV NIALOYd dNATAS-NOYUI NV HLIM

L'8TOd
(21eqr008®) 2seuaBoIpAyap auoryenid 1°¢' T Od

JOLdHOOV
SV ANNOdWNOO JVTIINIS YO HNONINO V HLIM

$'8T Od

(puotenid) asepnpar aeJ[ns-[A[AUAPeR 6'+°S'T O
(urxoparoy)

asejpnpal ajejrns-jATAuapeoydsoyd 8¢S T DOH
(suoryIeinis)

-PAZIPTXO) 2sBUSTOIPATSURI] [OTYI-AWAZU2 /£ '+'8'T DA
25B1ONPAI 9PIXO-G-auTuoTRW-uINord 98 T OF
9SEBIONPAI APTXO-G-SUTUOTYIN SH'S'T O
aseudfoIpAysuen 2unsAd-2UOTIRINS +'+'S'T O

66'0T°T Od

[Sururioy

-uIpoaFoIo[yaapsIq-(-)] esepIxo uLyooms 8'¢ 0T OH
[Sururioy

-UTPo2FOIO[YIaPSIq-(+)] 2seprxo ulyRoms L' 0T T OF
asEpIX0 g-UAWEI 9°¢ 0T T O

2SEPIXO 2IR[IUBIIUBAXOIPAY-¢ S'¢OT'T Od

asepixo [ouaydourure-o ¢ 01T Od

2SEBPIXO 918qI00se-T € ¢°0T'T Od

25800%] '€ 0T'T OF

35EPIXO [071Ed T'¢'0T'T OF

HOLJIOOV SV NIIDAXO HLIM

€'0T'T Od

2SBIONPAI D-AWOIO0Ad-[outnbiqn 7 70T T Dd
2SBIONPAI SQ-9WOIYD0)£0-91eqI00se-T T'Z'0T'T O

YOLdHOOV SV HWOJHOOLAD V HI1IM

TOT'T Od
aseuaForpAyap 2jefnsotny) ¢ 78’ T Od
aseuadorpAyap 21gms 17T O

HOLJHOOV SV HWNOJHOOLAD V HLIM

8T Od

aseuaFoIpAyap aprmeodroIpAyIp +'1°8'T O
aseuaforpAyap autmelodAy ¢ 1°8'T OF
(“HAAVN) 2senpar 9Yp T'1T'8T OH
pRRPRp T'T'8'T Od

AOLJHdO0V SV dAVN O ANV HLIM

asseusBorpAysp sutmelodLy ¢ 1°8' T OF
18T Od

ST OA
(‘HaQVD)

258JONPAI 9IR[0JOIPATRIIPUSIAYIRW-OT'S S'66°L'T O
aseoNpal AN 66 LT DA

oseNPaI AT €66 LT OH

PORPP T66 LT Od

(WoIYO0IAD) 95BIONPAI 21eNTU T'0°6'T D
FOLJADOV SV dNOYD SNONHOOULIN V HIIM

9'6¢'T Od

JISEPIXO DEOH&UOA%U seuowropnasd ¢'¢'6’'T O
28ePIXO UnOEOHﬂQOu\mQ T¢€6'TOH

YOLJHdO0V SV NHOAXO HILIm

asepixo jousydournue-o +°¢'0T'T Od

asepIXO 2JeqIoose-T ¢'¢OT T O
€'6'T Od

8 F']T OH MOU #°'66°8°'T DH
ase1oNpaI AYNSUSFoIpAY €'66'8'T O
asejonpal ajejs-[A[Auape 7'66°'S T Od
IsePnpal AYNS 1°66'S'T OH

SYOLJHOOV YdH1O HILIM

66'8'T Od

asepIXo 2RIn ¢'¢°L T OF

asepIxo [AXOpuI[AIPoe Z°¢ 'L T O
9SBPIXO URYIRONTE T°€°1'T D

JOLdHOOV SV NHOAXO HILIM

€L'TOd

(AWOIYD0)AD) JsLPNPaT AINTT T'7L'T OHF
FOLJHOOV SV HWOJHOOLAD V HLIM
TLTOod

2SLPNPaI SIBPYD-OMIR) ¢T1°66°0°T O
(SuneuTTje-opTURAD

‘HAVN)?se10npal UIe[eqodouedd 71°66'9°T O
(HAAVN) sseenpar uiweeqooenbe 11°66°9'T OH
L'66'9°T DH UT papndul ‘p1efep 01°66'9°'T DA
2se1PNpPaI TIETe([)q00 6'66°9'T OH

asepupar ureeqoornbe 8'66°0° T O

SHWAZNH dSVIONAFIO0dIX0O AdVITdWNAXH

ponunuod-¢ FIGVL



Sep. 12, 2002

US 2002/0127623 Al

54

oseuoFAx01p Yo -[AoueiAyd ST TT+T'T Od
aseuaAxoIp autme) LT TTHTT Od
aseuadAxo1p-g aremedse-apndad 9T TTHT'T DA
aseuadAxorp-d¢ UNPRISEIq ST TTHT'T OF
aseprxodo ounmeAosoAAXOIPAY-¢lo $ T TT+T'T D
aseuadAxorp-dz uwiRIaqid €T TIHI'T Od
2sRUSBAXOIp H-UIPIaqI3 TIILHTT Od
aseuaZAx01p-(§9) suruedssody [T TIHT T Od
aseuagAxXoIp

~T ap1sodPnuAxoap-aulptutAd o T IT+ 1T Od
25eUIZAXOIP-¢ UTURBULIRU 6 TT+T'T O
oseua8AXOTp QUTSATIAYIPWI  TT T T D
aseusdAxorp-¢ aurord-usSerooord £ T1HT'T OH
aseuaFAXOIp SUTWAY) 9 TTHT'T Od

O TTHT°T O Ul PAPNRUT ‘PIRRP S TTHIT O
aseua3AX0Ip-¢ aursA[-uade[oooid + IT+T T O
aseua3AxoIp

-7 ap1sospnuixoap-aurprupAd ¢TI HT'T OF
aseuaFAxorp aurjord-uaderiosord 7 ITHT'T O
aseudZAxorp autelpqorAng-A T'TTHT T Od

SYONOJ HLOY OLNI
NHHAXO 40 HOVH WOLV HNO 40 NOILVIOJIOONI
ANV JONOd INO SV AIVIVLOTOOXO-T HLIM

TT+T'T Od

9sBUSSAXOIP-t 7 SUIOUMbAXOIPAYIP-+°C §'66°€T'T OH
6TTHTT OH MOU $'66°€T'T OF

astuedAxop-°g aurjoumbAxoIpAyIp-+°c $'66°CT'T OH
aseusForpLy unsjdoueypuworpAyena)jAusyeur
~iNeN +'66'CT'T OH

287R0NPAIOPTXC 2o TNbUaZ0IPAY €66 ZT'T DA
25eua30IpAY SPYTUSIPOIIY

-areydsot d-sutuoanyijfoueidoyoideorowr
~L-IN-OWAZU200 T'66°CI'T OH

2seuaB0IpAY (7 QWAZU00 T'66'ZT'T O
SYOLIHDOV YHHLO HILIM

aseusdhxoouow-9 2utsA] OT'ZI'€T'T OH
aseusFAxoouow-g ouruerelfwoyd ¢ 71 ¢TI O
2seUa3LX00URWI-Z UTIDJION[-RIUSSLIZA S TI'ET'T O
(Bursk101pAY-d1v)

uagAxoouotu-f ULRFON[-snUUNoYJ L ZT'€T'T OF
aseuadAxoouow-z uLayo-euptiddiD) 971 €T'T Od
aseuaFAxoouow-z ULIDYON[-R[[IUY STI'ET'T Od
aseuafAxoouow-g 21ee] +'ZICT'T Od
asemdFAxoouow-z ueydoiddn ¢ ZI€T'T DA
aseuafAxoouow-g AUISA] 7'ZICT'T Od
aseuafAxoouour-g dumuIsie 1'ZIcT'T Od

(SASVAIXO NOLLONNA
JIXIN TYNIALNI JO SHSVNHDAXOONOW TVNAH.INI)
NADAXO 40 WOIV ANO 40 NOLLVAOddOONI HLIM

CIer'T Od

oseuadAxodr-T T a18310U1] SHTI'ETT OH
aseTIuAs [eIp 23e3[oul] +H IT'ST'T O
aseuaZAxoIp-gn 2uaqmsoudI] ¢+ IICT'T Od
2seUZAXOIP-¢‘7 2jouAd-ouTme2[opuT ZH TI°CT'T Od
2seUIBAXOIP

suouaydojeoe xoIpAyTp- +7 I+ ITETT Od
aseuaFAxodr]-g orevopryoere o4 TI°CT'T OH
aseusdAxorp-gi1 o1p-¢iz-1Aueydiq ¢ TT°€T'T Od
asera3Lxorp

-Z°1 areoqydeu-z-Ax0IpAy-T SCTT'ETT O
25eUaSAXOIP-Z°T [oUrbAXOIPAY £ ¢ TT'€T'T O
25eua34AXO0Tp TOYO2)BD-UOZEPLIOTYD 9 TT'CT'T O
aseprxorad apIpol S T IT'T O

aseprxordd £ T IT'T OH

aseeed 9 T'IT'T OH

ITTITETT O 40U ' T'IT'T OH

aseprxorad poe-A1e) € T'IT'T Od

aseprxorad “HIAVN T T ITT Od

asseprxoted “HAVN T'T'IT'T Od

SASVAIXOUdd

T'IT'T OH

asejpnpar umweloolserd-foumboserd 1°66°0T° T Od
SYOLJIHOOV ddH1O HLIM

aseusSAxoIp-¢‘g uneoronb v+ IT°€T'T Od
2seUOTAXOTP-£47 ITOPUIAXOIPAYIP-€C €T TT'ET'T Od
aseuaBAXOTIp-+E 21aPed T ITET'T Od
2seUaTAXOIP-CTST auaoied-g I ITET'T DA
2seUa3AX0T JUIANSAD O TT'ET'T DA

aseuadAxo1p autwed)sko ¢TI €T’ T O
aseuadAxorp myms T'TI'ST'T O

aseudBAxoIp-¢°g 210pul LT TT'ET'T DA

2seUaSAXOTP

-€°C 10U0RIRI[AYRAX0qIED-€ OT'TT'ET'T OH
2seUIZAXOIP

-¢°7 210300R[AUSYdAXOIPAYIP-+C ST TT'ET'T Od
S5PUIBAXCIP-1E SIROZUIGAXCIPAYIP-€T YT TTEL'T OH
aseuaSAXOIp-¢°7 2jeqIEdsE CT'IT'ET'T Od

aseuaAxodr] ZI'TT'€T'T Od
aseuwaBAxorp-¢g ueydoydAn T IT°€T'T OO

aseua8AX01p

-88°Q 91RUINUAYAXOIPAYIP-Q°L OT'TT'ET'T DA
25eU23AX0TP-9°¢ AUIPHAAXOIPAYIP-SZ 6’ TT'€T'T DA
aseuafAxoIp-¢y ajenyoajesolord TT €T'T O
PaRep LITET'T OH

9seULBAXOIP-°¢ de[IueIqueAXoIpAy-¢ 9 ITET'T O
2seuaZAXOIp-z‘T 2esnuddowoy S TT'ET'T O
2seUdZAXOIP-Z‘T 29esNd3 +'IT°CT'T Od
aseuaZAXoIp-'¢ 2enyo2iesolold ¢ IT°¢T'T OF
2seUaBAX0Ip-£°7 [0Y0a1ed TITET'T OH
oseuaFAXOIP-7°T [oyo2Ied T IT€T'T OH

NADAXO 40 SWOIV OML 40 NOLIVIOJIIOONI HIIM\

ITeT'T OH

aseprxorad 0-owoIp014d T IT'T Od
oseudBoIpAyap
[o1p-g T-ouayiydeuade-suen 10T T OH

HOLJHOOV SV dAVN 1O ANV HLIM

T0T'T Od

25B1ONPal D-dWOIYD0JA-UOII T 66°6 T OH
SYOLJHOOV dHHLO HIIM

66'6'T Od

SHWAZNH dSVIONAFIO0dIX0O AdVITdWNAXH

ponunuod-¢ FIGVL



Sep. 12, 2002

US 2002/0127623 Al

55

ST+T'T Od

2seURZ AX00UOW AUTOYD +HT+T°T O
(PYUI-NINT) SseudBxoouowt [oUeN[e ¢4 51T O
TYT+T T OH UF POPOPUI “pawRpp T+ T Od
aseuadAxoouow paywadsun TH1HT'T O

NHDAXO
A0 WOIV ANO 40 NOLIVIOAMODINI ANV “MONOA
HNO SV NIHLOYdOAVTA 4O NIAVIA ddONddd HLIM

PIvLT Od

2SeUIFAXOOUO

SwIX0 SpAYIPIeIeelAUaydAX0IpAY-F 89 €T +T°T Od
aseuaFAxoouotn-¢ auoutnb /9" ¢THT'T OH
2SeUIFAXOOUO

-7 QUOURXIYOPAIAXOIPAY-Z 99°¢T+T'T D
aseuadAxoouow-g auTOUINDAXOIPAY-Z SO'CTHT'T D
SRIAXOIPAY-T 2)B0ZUSGAXOIPAT-¥ #9° ST +T'T Od
2sBIAXOIPAY-9 278100R[AUYdAXOIPAY-¢ €O CT+T'T Od
aseuadAxoououl-¢ ulounbAXoIpAy-¥ 79 €T +T'T Od
aseusfixoouour-g surjoumbAxoIpAy-z 19°¢T+T°T OH
aseuoFAxO0UOUL

-0, 1012189]0Y0AX0IPAY LT 09'ETHT'T Od
(THIqVN) 2seuadLxoononr-g sursA[-T 65T+ T OO
2SRUASAX00UOUI-¢ YOO-TA0ZU2q 8S°CT+T'T Od
9SBUITAXOOUOW-Z T SUIGUIT[AYDOIPAYIP LS €T HT'T D
2SeUIFAXOOUO

aseuagixoouow-g aurdojord ¢¢ ¢TI HT'T DA
2seUdSAX00UOW PTOIdISORY S T HI'T Od
2SR[AXOIPAY-T SUOARPOST €S°¢THT'T OH
2$R[AXOIPAY- ¢ SUOARPOST TS €T HT'T OH
2)B]AX0qIRIUTPHAdIAYIRW -C-AX0IPAY-€ +"CT+T'T Od
98eUaFAXOIP-7 T Quozu2q ¢ I HIT Od

SCETYT'T OH M0u TTIHT'T OF

(BuneAxoqreosp ‘Furjeurureap)

aseusFAXOIp-Z¢T SjequeIyiue 7T+ T Od

FYONOJ INO

QINI NHOAXO A0 SWOTV OMI AO NOITVIOJAODNI
ANV “9ONOd ANO SV HAVN 0 ANV HLIM

CIvyIT Od

SIBUTWEINAUAISOR-N-dIND ST'€T+T'T OH
oseuodAxoouotn-¢ [AuoqydiqAXoIpAy-z ++ €T +T'T OHd
aserafAxoorow unsanb ¢+ ¢TI HTT Od
9seUa3AX00UOTL

-7 ATIIU0120eTAUYdAXOIPAY ZH €T +T'T Od
2seUaBAX00UOW- N QUISOIA) T+ ST +T'T O
asenagAxXoouow Yo)-[AO[UBIIUE 04 €T+ T T Od
ASBYIUAS IPIXO-OINTU 6C €T HT'T Od

2sEUOSAX00TOW SUTPAIRIPIOIPATUE ¢ €T HT'T Od
9SRUAFAX00TOW

-1 2uL2qIaqojoldoIpAyRINAYPRW /¢ ST HT'T O
9SRUAZAX00OTOW

-¢ dreumb-g-([Ao1ewmos-£) 0’ 9 €1 T T OF
(Sungeunueap)

asuaBAxXo0uoUI-¢ 2IB[IUBIYIUT SC ETH T Od
aseuadLAxoouour-0g Y-oustioond] ST HTT O
Fa(aanv]

25eU2FAX00UOU-¢ 21B0ZUSQAXOIPAY-+ €€ CTHT'T Od
aseuafAxoouow sfozepuaqre ze €T +T'T OF
aseuadAxoouow-g joudydonmuy 1€ €T +T'T O
aseuddAxoououw-(g ¥ -aua1noond] o< T FT'T Od
aseuadixoouow-g jousydonu-4 ¢7 ¢T+T'T DA
9SRUAFAX00TOW

-09 uedrecordAxoIpAYIp-6°c 8T CTFI'T Od
9SEUIBAXOOUOW- | 9JROZUIQOUTWE- /T ST HT'T O
osenafAxoouow

-T1 2unoyodpneydsoyd 97 ¢ T+ 1T OH
2seua3AX00UOW SUCYRW ST CT+I'T Od
2seu2FAX00UOLT-9 27e0ZUQAXOIPAY-C +2°CT+T'T DU
28RUAFAXOOUOLI-H 2ROZUAQAXOIPAY-C €Z°CT+T'T Od
2SBUSTAXOOUO W JUOUBXIYO[IAD ZZ°CT+T'T DI
25BUSTAXOOUO-¢ PIOUOARY TZ'€T+T'T OH

01 duueum3uesoIpAyIp 95 €T +T'T O
aseuadAxoouow-g [oudYdoIoTydIp-+7 07T +T'T D
aseudSAxXo0uow-g UIojIXe) 6T ST+ T'T O
9SRUAFAX00TOW

-1 91e10elAudYdAXOIPAY-+ ST'CTHT'T Dd
aseuadAxolp-,z ueqdoidAn ¢66°€T'T O

OTTTTT'T Od MoU T66°¢T'T OH

aseuaFAX0 [0)ISOUT-0AW T'66°CT'T OH

SNOANVTTAOSIN

66'¢T'T OH

9sBULBAXOIP- £ [, p T-Plouatored-d-ode T '€ T'T Od
aseuaZAXO0UOW

-N urptAdorpAyensijAuaydiAyiew 1T°ZI€T'T OF

sseuaSAxX0O0OUOW

-€ QuppAdAxcIpAyIp-9C 0T €T+ T OF
aseuafAxo0Uow-¢ 2UTUAIMUAY ¢'¢T+1'T Od
(Bunuroy-opIxo

-N) 2SBUSZAX00UOW SUITUBIAYIDWIP €T HT'T DA
aseuadAxoouow-z pouayd £ ¢THTT O
aseuafAxoouow-7 [oUDIo 9°CTHT'T O
25eUaZAX00UOW-{ 218J20EI[OZEPTWT S'CTHT'T D
aseudBAXo0UOW-¢ 2JRIOTIPW +'CT HT'T DA
9seUaSAXO0TOW

-¢ 9re1eoe[AudydAXOIPAY+ ¢ CT+T'T Od
25eUIBAX00UOU-¢ JROZURQAXOIPAY+ €T +T'T Od
aseuafAxoouow-T 23e[AoT[es €T 1T O

NHDAXO 40 WOLV ANO A0 NOIIVIOJIOODNI
ANV “90NOd INO SV HAVN ¥O ANV HILIA

cIvTT OH

aseuadAxorp-¢‘7 1Auaydiq T ZT'+T'T DA
2seU9BAXOTIp 2PIXO OINTU LT ZTHT T OH
9sBUaBAX0IP-9°G AuT[ouMbAX0IPAY-Z 9T ZT'HT'T Dd
2seURBAX0IP-7°T 21e[eYIYda1a] ST ZTHT'T Od
aseua8Ax01p

-€°7 21RUOJ[NsaUSZUSqOUTINE-Z ' CT +T'T OH
2seusBAXOIP-Z T 2IBOZULQOIOIY>-Z €T ZT+I'T Od
aseus3Lxo1p-z‘1 susreyden Z1 71 +T T O
aseuafAxo1p auanio) TTZIHT'T Od
9sBUdTAXOIP-Z‘T 21e0ZUdq OT'ZT #T'T Od
oseud3Axo1p-t ‘g aresvoeiAusydoroTyo-t 6 ZT+T'T DA
9SEUOTAXOIP-H°E 9180ZU2qOY NS+ S ZT+T'T OH
aseusdAxorp-¢y arereyiyd L 2T+ T Od

99° €T ¥ 1T OH 40U 9TT'HT'T OH

2seua3AXOTp 2jexopuAd-¢ ¢ ZIHI T Od
2seUIZAXOIP

oseuo8Axo-g°T reredoifd soIT €T’ T Od
aseuoFAxodr-¢ orevopryoere #¢ I1°¢T'T OH
aseuaBAxedr[-gT 2jeuepryonie ¢ T €T OH
aseusBAxorp suedordentu-z ¢ I1°¢T'T OH
aseuafAxodi-zT apurpyore ¢ TTET'T OH
ISBYIUAS 21RUIQOOZNS OCTT'€T T OH

aseyjuds 218qoT0ZNS 67 TI'ST'T O

2seUOFAXRIP-¢“7 2180ZUdQAXOIPAYIP-€°C 8T IT'ET'T D
aseuddAxorp ajeantAdiAuaydAxeIpAy- /7 TT'ET'T O
aseuadhxerp-¢z ueyderdin-opndad 97 TT'€T'T DA
9SBUSBAXOIP-Gh JUOTIP-£, T ‘6-2ULI-(OT)S ‘T
-BJSOIPURODIS-OT ‘G-AXOIPAYUIP-#°C STTT'ET'T Od

SHWAZNH dSVIONAFIO0dIX0O AdVITdWNAXH

ponunuod-¢ FIGVL



Sep. 12, 2002

US 2002/0127623 Al

56

aseprxo ouppuad T €°LT'T OF
MOLIAOOV SV NHOAXO HLIM

€LTT Od
2seU28AX00UOW-O7 2UOSAPI2 77 66 +T'T Od

FOLJAdO0V SV dAdVN dO ANV HLIM

T'LT'T Od

9SEPIXOLR) T'C'OT'T OH

HOLJHOOV SV NAHOHAXO HLIM
€9T'T Od

aspIONPal ULLIRISUCH-OTLISJP T 19T T Od

asepnpal (AmMsIW T T'OT'T OO

FOLAdO0V SV dAVN d0O ANV HLIM

TOT'T od

asejnuustp aprxorddns 1T'T ST'T OH
T'ST'T Od

aseuoZAX00UOUL
voDO-JAuoqies-g-suaydony 6 66 +T'T OH

aseuadAxoouow-¢ roydued T°¢T+T'T Od

NHDAXO
A0 WOIV ANO 40 NOLIVIOAMODINI ANV “MONOA
HNO SV NIHLOYd dNATNS-NOYI dd0Nddd HLIM

asemesap (Z)-11 VoO-Ko1spAw 766+ T'T O
osemesop (A)-T1 VoO-Ko1spiw [£°66°+T'T O
25RTNRSIP-°/ 2UI0IRD 066 +T'T DA
aseuadAxoouow 2ursndAydxoap 67°66+T'T DA
2seUSTAXOOTOWI-Q [OO[RUI] 8766 FT'T DI
aseuadAxoouotn-¢ suoidnl /z7'66+T T O
aseuadAxoouow-¢ aupAdAX0IpAY-Z 9766 FT'T D
6T YT'T OH M0U ST66'+T'T OH
2seua8AX00UOW-DG PIOIAS $T°66+T T O
25BUIFAXOOUOLI-7 JROZURQAXOIPAY-C €7°66 7 T'T OH
(BuneAyewap)

(BuneAyiowap)

aseuafAxoouow UMAFON[-eNeT 1766 +T'T OH
(Buzipxods

-¢“z) aseusdLxoouow suoutmbordyd 0z 66+ T'T O
asernjesap sunwejoueyRAuewse[d ¢1°66+T°T DA
95eUOFAX00UOW JIBUTWRINSU[AIOE-N 8T°66FT'T OH
SOTHTT DH 40U LT'66FT'T OH

2seuaSAX00TOW [01ISTAYIRW 9166+ T T D
(SunelAyrowap-O)

2seUaSAX00TOW 91BOZUAQAXOYPW- ST'66+T'T D
95BIFAX00UOW-D T 2U0Is30Id v 166 +T'T DA
CTETHYTT O MOU ¢T°66+T'T OH
9SRUAZAX00OTOW

SUOIp-/ ['g-oUIS0IpUE-H TT'66FT'T O
aseusFAxoouour-¢go [o1pense 1166+ T O
aseuafAxoouow-Tz proiels 0T°66+1'T Od
aseusfAxoouotu-0, [ Proidls ¢'66 +1'T O
THIPT T Od Ul PAIPN[OUL “paR[aD 866+ T OH
aseusdixoouow auaenbs £ 66 +T'T O

TOTYT'T DA MOoU 966 FT'T DH

T6T+T'T OH M0U $'66+T'T OH

aseuaZAxoouow 2u01s301d +°66+T'T O
(BurziAoap) aseuadixo oWy € 66+ T'T DA
9SR[AXOIPAY-8°/ SUTULIMUAY T'66"T'T OH

aseqjuAs aprxoredopu-urpue[dersord 1 66 +T'T O

SNOANVTTAOSIN

66'FT'T Od
asruafixoouom-z¢T 1oydumens 76T +T'T Od
25eUZ0IPATIP 2]00UTI0X0-09 TS CT +T'T Od
aseuadhxoouow jouaydoromyoriuad 0§ €T HTT DA
aseuaAxoouow-; auduowf-(.) 64" €T HT'T DA
aseuaFAxoouow-g sudwowWI-(-) SH° T HT'T O
aseuaFAxoouow-¢ auawowt-() 4 €T HT'T Od
aseuagAxoouo [OIUAW-(.) OF"CTH+T'T Od
2oseUdZAX00UOUWL

sseusFAxoouowr fousydouowr ['3T+T'T OH

NHOAXO 40 WOIV ANO A0 NOLIVIOJIODINI
ANV “YONOd ANO SV ANNOJNOD YHHIONV HIIM

ST+T'T Od

aseuadAxoouow JULASIApTded ¢ THT'T OF
T'ST'HT'T OH U papnpoul PawR[ep LT+ T OH
25830NPII 952001 [FLAX09P-9-0IPAYRP-H-dAD T'T LT T OH
Surziprxode sseusfLixoououw-¢g suntwedop 12111 OH

NIDAXO 40 WOLV INO 40 NOIIVIOJdIOONI
ANV “ONOd ANO SV dIVIOOSY adONddd HIIM

LTYTT Od

25eU93AX00UOW- JR[PPUBW 99T +T'T OH
25RUITAXOOUOL I2J2-[AI22A3 GOT+T'T OH
aseuddAxoouo-¢ ueydoidAn o1 +1'T O
oseuaBAxoououI-¢ dje[TURIIUE €O H 1 T DH
aseuaFAxoouow-¢ 2ursoIf) TOTHI'T O
aseusBhxoououw-4 suteelAweyd 191+ T O

NHOAXO 40 WOILV ANO 40 NOIIVIOJIOONI
ANV “YONOd ANO SV ANIAIYALd A90Nddd HIIM

OT+T'T Od

aseuafAxoouow JUTOYD £ ST HI'T O

(Butaeap

-UTeUD-9PTS) 9S5LURTAX00UOW [0I2)SI[OYD 9 ST HT'T DH
25BU08 AX00UOW-R T SUOIS)SOOTN0O S'STHT'T OH
aseuaBAxoouow-¢g T proIas +' ST+ 1T Od
aseusFAxoouow-T sueye ¢S +T'T Od

25eU2ZAX00UOW-10/ (OISO LT€T+T'T DA
aseuadAxoouowr auouejuadoid 9T CTHI'T O
2seuo8AX00U0W-97 [OIPURISI[OYD STCT HT'T OH
2seuaBAX00U0W-7 JRWRUUD-SURN) €T HT'T OH
aseudfAxoouow-1 [0IPED ¢T'CT+T'T Od
2seUIZAXOOUOW -4 21R0ZU2Q ZT'CT+1'T Od
25BUOZ AX00UOW-{ 2JBWERUUD-SUR) [T'CT+T'T Od

SHWAZNH dSVIONAFIO0dIX0O AdVITdWNAXH

ponunuod-¢ FIGVL



Sep. 12, 2002

US 2002/0127623 Al

57

2se1ONPal 2JeUOSIRIAIW /' T°L6'T Od
(1ouop) aseonpar ajeuasie 9'T'L6'T DA
(uixoparein|3) asejonpal aeuasie S'I'L6'T DA
swAzus
Suneanoe aseIofsuenAjeoe 91ewIo) 116 T OH
aseonpal myms €' 1°L6'T Od
asersysuenAxorpAy oedoild 7 1'26'T Od
ASRONDPAI JRIOND T'T°L6'T O

T'L6'T OH

(urxopoaeyy) aseud3onTr 1'9'6T'T D
JOLdHOOV SV NHOOULINIA HIIM

9'61'T Od
asepixoda suoAeposT [AudIdouow +¢66+T'T Od
2seuaS0IPAYRP PR ANEY- 4V €€766°FT'T OH

aseua3oIpAY T 66 ST'T OH
SYQLJIOOV SV «H HIlM
66'ST'T OH
Dmﬂﬁwmo.ﬁﬁﬁ T98T'T DA
FOILJAOOV SV NIDOIIINIA HIIM
9'8T'T O
aseNpal (HANV-UIXOPAIGNI 4 T'ST° T O
95ePNPII (INV-UIXOPI1IDY €' T'8T'T Od
958PNPII JTVN-UIXOPa1IS} T T']T'T DA
asepnpal (NV-UIXopaiqur T'I'8T T Od
YOLJHOOV SV dAVN O ANV HLIM
I'SU'T

(Sune[Ax01pAT) 9seuaBoIpAYapP [0S0 T'66'LT'T DA

SYOQLJHAOOV JdHLO HILIM

66'LT'T Od

asejonpar ajeydsoydin-aprsostonuoqir 2 L T'T DA
asejonpar ajeydsoydip-aprsostonuoqir 1+ 21'T DA
JOLJHOOV SV HAI'TNSIA V HILIM

¥LUT Od

SHWAZNH dSVIONAFIO0dIX0O AdVITdWNAXH

ponunuod-¢ FIGVL



US 2002/0127623 Al

[0402] While the foregoing invention has been described
in some detail for purposes of clarity and understanding, it
will be clear to one skilled in the art from a reading of this
disclosure that various changes in form and detail can be
made without departing from the true scope of the invention.
For example, all the techniques, methods, compositions,
apparatus and systems described above may be used in
various combinations. All publications, patents, patent appli-
cations, or other documents cited in this application are
incorporated by reference in their entirety for all purposes to
the same extent as if each individual publication, patent,
patent application, or other document were individually
indicated 1o be incorporated by reference for all purposes

What is claimed is:
1. A method for detecting one or more non-nucleic acid
analytes, the method comprising:

(a) providing at least one fusion polypeptide with speci-
ficity for a non-nucleic acid analyte, which polypeptide
comprises a first inactive functional domain; an analyte
binding domain; and a second inactive functional
domain;

wherein binding of the analyte results in a conformational
change which brings the first inactive functional
domain and the second inactive functional domain into
proximity, thereby converting the first and second inac-
tive functional domains into an optically detectable
functional domain,

(b) contacting the fusion polypeptide with a sample
comprising the analyte; and,

(c) detecting the conformational change induced by bind-
ing of the non-nucleic acid analyte, wherein the non-
nucleic acid analyte is selected from the group consist-
ing of a small organic molecule, a peptide, a
polypeptide and a dissolved gas.

2. The method of claim 1, wherein the first and second
inactive functional domains are derived from a green fluo-
rescent protein or a green fluorescent protein homologue.

3. The method of claim 1, comprising detecting an elec-
trochemical signal produced by binding of the analyte.

4. The method of claim 1, comprising detecting an optical
signal produced by binding of the analyte.

5. The method of claim 4, wherein the optical signal is
detected by one or more of: ultraviolet spectrophotometry,
visible light spectrophotometry, surface plasmon resonance;
calorimetry, fluorescence polarization; flurescence quench-
ing; colorimetric quenching; fluroescence wavelength shift;
fluroescence resonance energy transfer (FRET); enzyme
linked immunosorbent assay (ELISA) or liquid crystal dis-
plays (LCD).

6. The method of claim 4, wherein the optical signal is
produced by displacement of a tethered substrate upon
binding of the analyte.

7. The method of claim 6, wherein the tethered substrate
is an analyte analogue.

8. The method of claim 1, comprising providing a physi-
cal or logical array comprising a plurality of polypeptides.

9. The method of claim 8, wherein the plurality of
polypeptides comprise a plurality of different analyte bind-
ing specificities.

10. The method of claim 10, wherein the plurality of
polypeptides provide a common signal.
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11. The method of claim 1, wherein the analyte comprises
a hormone or a metabolite.

12. The method of claim 1, wherein the sample is a
biological sample or an environmental sample.

13. The method of claim 12, wherein the biological
sample is selected from the group consisting of blood,
plasma, urine, sweat, cerebrospinal fluid and tears.

14. A method for detecting one or more non-nucleic acid
analytes, the method comprising:

(a) providing at least one fusion polypeptide with speci-
ficity for a non-nucleic acid analyte, which polypeptide
comprises a first inactive functional domain; an analyte
binding domain; andn a second inactive functional
domain;

wherein binding of the analyte results in a conformational
change which brings the first inactive functional
domain and the second inactive functional domain into
proximity, therby converting the first and second inac-
tive functional domains into a catalytic functional
domain;

(b) providing a substrate for the catalytic functional
domain;

(c) contacting the fusion polypeptide with a sample com-
prising the analyte; and,

(d) detecting the conversion of the substrate to a product.

15. The method of claim 14, wherein conversion of the
substrate to a product is detected by detecting an electro-
chemical signal.

16. The method of claim 14, wherein conversion of the
substrate to a product is detected by detecting an optical
signal.

17. The method of claim 14, wherein the optical signal is
detected by one or more of: ultraviolet spectrophotometry,
visible light spectrophotometry, surface plasmon resonance;
fluorescence polarization; fluorescence quenching; colori-
metric quenching; fluorescence wavelength shift; fluores-
cence resonance energy transfer (FRET); enzyme linked
immunosorbent assay (ELISA) or liquid crystal displays
(LCD).

18. The method of claim 14, comprising providing a
physical or logical array comprising a plurality of polypep-
tides.

19. The method of claim 18, wherein the plurality of
polypeptides comprise a plurality of different analyte bind-
ing specificities.

20. The method of claim 19, wherein the plurality of
polypeptides provide a common signal.

21. The method of claim 14, wherein the analyte com-
prises a small molecule.

22. The method of claim 14, wherein the small molecule
comprises a hormone or a metabolite.

23. The method of claim 14, wherein the sample is a
biological sample or an environmental sample.

24. The method of claim 23, wherein the biological
sample is selected from the group consisting of blood,
plasma, urine, sweat, cerebrospinal fluid and tears.

25. A method for detecting one or more non-nucleic acid
analytes, the method comprising

(2) providing at least one polypeptide with specificity for
a non-nucleic acid analyte, which polypeptide com-
prises an analyte binding domain and a catalytic
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domain, wherein binding of the analyte results in an
allosteric conformational change which activates the
catalytic domain resulting in conversion of a substrate
to a detectable product; and,

(b) providing a substrate for the catalytic domain;

(c) contacting the polypeptide with a sample comprising
the analyte; and,

(d) detecting the product produced by activity of the

catalytic domain on the substrate.

26. The method of claim 25, wherein conversion of the
substrate to product produces an electochemical signal.

27. The method of claim 25, wherein conversion of the
substrate to product produces an optical signal.

28. The method of claim 27, wherein the optical signal is
detected by one or more of: a charge coupled device,
ultraviolet spectrophotometry, visible light spectrophotom-
etry, fluorimetry, colorimetry, surface plasmon resonance;
fluorescence polarization; flurescence quenching; colorimet-
ric quenching; fluroescence wavelength shift; fluroescence
resonance energy transfer (FRET); enzyme linked immun-
osorbent assay (ELISA) or liquid crystal displays (LCD).

29. The method of claim 25, comprising providing a
physical or logical array comprising a plurality of polypep-
tides.

30. The method of claim 29, wherein the plurality of
polypeptides comprise a plurality of different analyte bind-
ing specificities.

31. The method of claim 30, wherein conversion of
substrate to product by the analyte-bound plurality of
polypeptides is detected by detecting a common signal.

32. The method of claim 25, wherein the sample is a
biological sample, an environmental sample, or an industrial
sample.

33. The method of claim 32, wherein the biological
sample is selected from the group consisting of blood,
plasma, urine, sweat, cerebrospinal fluid and tears.

34. The method of claim 25, wherein the analyte com-
prises a small molecule.

35. The method of claim 25, wherein the analyte com-
prises a hormone, a metabolite or an ion.

36. The method of claim 25, wherein the analyte com-
prises an antigen or a ligand.

37. The method of claim 25, wherein the sample further
comprises an agonist or an antagonist.

38. A method for detecting an analyte, the method com-
prising:

(a) providing at least one biopolymer, which biopolymer
undergoes a conformational change upon binding to an
analyte;

(b) contacting a sample comprising the analyte to the
biopolymer; and,

() detecting the conformation change induced by binding

of the analyte, wherein the analyte is not an ion.

39. The method of claim 38, comprising contacting a
biological sample or an environmental sample.

40. The method of claim 39, wherein the biological
sample comprises blood, plasma, urine, sweat, cerebrospinal
fluid, or tears.

41. The method of claim 38, wherein the at least one
biopolymer comprises a polypeptide.
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42. The method of claim 41, wherein the polypeptide
comprises an antibody or a receptor.

43. The method of claim 38, wherin the conformation
change results in generation of an optical signal.

44. The method of claim 43, wherein the optical signal is
detected by one or more of: surface plasmon resonance;
fluorescence polarization; flurescence quenching; calorimet-
ric quenching; fluroescence wavelength shift; fluroescence
resonance energy transfer (FRET); enzyme linked immun-
osorbent assay (ELISA) or liquid crystal displays (LCD).

45. The method of claim 43, wherein the optical signal is
produced by displacement of a tethered substrate upon
binding of the analyte.

46. The method of claim 45, wherein the tethered sub-
strate is an analyte analogue.

47. The method of claim 38, comprising providing a
physical or logical array comprising a plurality of polypep-
tides.

48. The method of claim 47, wherein the plurality of
polypeptides comprise a plurality of different analyte bind-
ing specificities.

49. The method of claim 48, wherein the plurality of
polypeptides provide a common signal.

50. The method of claim 38, wherein the analyte com-
prises a small molecule.

51. The method of claim 38, wherein the analyte com-
prises a hormone or a metabolite.

52. A method for identifying a physiologic state, the
method comprising:

(2) providing at least one biopolymer, which biopolymer
undergoes a conformational change upon binding to a
marker associated with a physiologic state;

(b) contacting the biopolymer with a biological sample
comprising the marker, and,

() detecting the conformation change induced by binding
of the marker, thereby identifying the physiologic state
associated with the marker.

53. The method of claim 53, wherein the sample com-
prises a biological sample selected from among: blood,
plasma, urine, sweat, cerebrospinal fluid, or tears.

54. The method of claim 53, wherein the at least one
biopolymer comprises a polypeptide.

55. The method of claim 54, wherein the polypeptide
comprises an enzyme, an antibody, a receptor or a fusion
protein.

56. The method of claim 54, wherein the polypeptide
comprises a fusion protein having a first inactive functional
domain; an analyte binding domain; and a second inactive
functional domain.

57. The method of claim 56, wherein binding of the
analyte results in a conformational change which brings the
first inactive functional domain and the second inactive
functional domain into proximity, thereby converting the
first and second inactive functional domains into a func-
tional catalytic or fluorescent domain.

58. The method of claim 57, wherin the conformation
change results in generation of an optical signal.

59. The method of claim 52, wherein the optical signal is
detected by one or more of: ultraviolet spectrophotometry,
visible light spectrophotometry, surface plasmon resonance;
fluorescence polarization; flurescence quenching; colorimet-
ric quenching; fluroescence wavelength shift; fluroescence
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resonance energy transfer (FRET); enzyme linked immun-
osorbent assay (ELISA) or liquid crystal displays (LCD).

60. The method of claim 52, wherein the optical signal is
produced by displacement of a tethered substrate upon
binding of the analyte.

61. The method of claim 60, wherein the tethered sub-
strate is an analyte analogue.

62. The method of claim 52, comprising providing a
physical or logical array comprising a plurality of polypep-
tides.

63. The method of claim 62, wherein the plurality of
polypeptides comprise a plurality of different analyte bind-
ing specificities.

64. The method of claim 63, wherein the plurality of
polypeptides provide a common signal.

65. The method of claim 52, wherein the analyte com-
prises a small molecule.

66. The method of claim 52, wherein the analyte com-
prises a hormone or a metabolite.

67. A biosensor comprising:

(a) a support; and,

(b) at least one polypeptide with specificity for a non-
nucleic acid analyte, which polypeptide comprises an
analyte binding domain and a catalytic domain,
wherein binding of the analyte results in an allosteric
conformational change which activates the catalytic
domain resulting in conversion of a substrate to a
detectable product; which at least one polypeptide is
immobilized on the support.

68. A biosensor comprising:

(a) a support; and,

(b) at least one fusion polyeptide with specificity for a
non-nucleic acid analyte, which polypeptide comprises
a first inactive functional domain; and analyte binding
domain; and a second inactive functional domain;
wherein binding of the analyte brings the first inactive
functional domain and the second inactive functional
domain into proximity, thereby converting the first and
second inactive functional domains into a functional
catalytic or optically detectable domain; which at least
one fusion polypeptide is immobilized on the support.

69. A biosensor comprising;

(a) a solid support;

(b) a plurality of polypeptides immobilized on the solid
support, wherein the plurality comprises polypeptides
having different analyte binding specificities; and,

(c) a detection system.

70. The biosensor of claim 69, further comprising a
conductive element or an optically detectable element.

71. The biosensor of claim 69, wherein the plurality of
polypeptides is immobilized with an immobilization matrix
selected from the group consisting of carbon paste and a
non-biological polymeric matrix.

72. The biosensor of claim 69, wherein the biosensor
further comprises a display.

73. A method of sensing one or more test stimulus, the
method comprising:

providing a library of biopolymers comprising nucleic
acid variants or expression products of the nucleic acid
variants;
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arraying the library in a spatial or logical format to
provide a physical or logical array;

contacting one or more calibrating stimulus to the array,
whereby one or more members of the array produce
one or more detectable signals in response to contact by
the one or more calibrating stimulus, thereby producing
a calibrating array pattern which identifies contact of
the array by the one or more calibrating stimulus;

contacting at least one test stimulus to the array, thereby
producing a test stimulus array pattern; and,

comparing the test stimulus array pattern to the calibrating
array pattern, thereby identifying the test stimulus.
74. A method of using a re-usable array of biopolymers,
the method comprising:

providing a physical or logical array of biopolymers
comprising nucleic acid variants or expression products
of the nucleic acid variants;

contacting the physical or logical array with one or more
first stimulus;

observing a first resulting response of the array, or col-
lecting a first product resulting from contact between
the array and the first stimulus;

reusing the array by contacting the array a second time
with the first stimulus, or with a second stimulus; and,

observing a second resulting response of the array, or
collecting a second product resulting from contact
between the array and the first or second stimulus; and,
optionally, comparing the first resulting response of the
array to the second resulting response of the array.

75. The method of claim 73 or 74, wherein the biopolymer
library comprises or is encoded by recursively recombined
nucleic acids.

76. The method of claim 73 or 74, wherein the biopolymer
library comprises or is encoded by artificially mutated or
artificially shuffled nucleic acids.

77. The method of claim 73 or 74, wherein the biopolymer
library comprises or is encoded by species variants of one or
more nucleic acids.

78. The method of claim 73 or 74, wherein the biopolymer
library comprises or is encoded by nucleic acids produced
by recursive recombination of species variants of one or
more nucleic acids.

79. The method of claim 73 or 74, wherein the biopolymer
library comprises photoactivatable members.

80. The method of claim 79, the method comprising
masking a portion of the array and exposing the resulting
masked array to light.

81. The method of claim 73 or 74, wherein the array
comprises one or more of: a conductive member, a capaci-
tive member, an optically responsive member, an electrically
responsive member, and an electrically or logically gated or
gateable member.

82. The method of claim 73 or 74, wherein the array
comprises one or more of: a bio-laser, a polychromic dis-
play, a molecular poster, a bar code, a protein TV, a
molecular camera, a UV molecular camera, an IR molecular
camera, or a flat screen display.

83. The method of claim 73 or 74, wherein the array
members comprise one or more proteins.
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84. The method of claim 83, wherein the proteins com-
prise electrically conductive proteins.

85. The method of claim 83, wherein the proteins are
purified.

86. The method of claim 83, wherein the proteins com-
prise one or more purification tags.

87. The method of claim 86, wherein the purification tags
are selected from the group consisting of: His tags, and
FLAG tags.

88. The method of claim 73 or 74, wherein arraying the
biopolymer library comprises arranging the members of the
library in a logically accessible format.

89. The method of claim 73 or 74, wherein arraying the
biopolymer library comprises arranging the members of the
library in a physically gridded format.

90. The method of claim 73 or 74, wherein arraying the
biopolymer library comprises plating the members of the
library in microtiter trays.

91. The method of claim 73 or 74, wherein arraying the
biopolymer library or expression product library comprises
recording the position of members of the library in one or
more database.

92. The method of claim 73 or 74, wherein arraying
biopolymer library comprises arranging the members of the
library for parallel examination.

93. The method of claim 73 or 74, wherein arraying the
biopolymer library or expression product library comprises
arranging the members of the library for sequential exami-
nation.

94. The method of claim 73 or 74, wherein the first,
second, test or calibrating stimulus are simultancously con-
tacted to a plurality of biopolymer library members.

95. The method of claim 73 or 74, wherein the first,
second, test or calibrating stimulus are sequentially con-
tacted to a plurality of biopolymer library members.

96. The method of claim 73 or 74, wherein a plurality of
first, second, test or calibrating stimulus are contacted to a
plurality of biopolymer members.

97. The method of claim 96, wherein contact of the
plurality of first, second, test or calibrating stimulus pro-
duces a signature for a sample type.

98. The method of claim 97, wherein the signature is
representative of one or more phenomenon selected from: a
metabolic state of a cell, an operon induction in or by a cell,
an induction of cell growth, a proliferation in or caused by
acell, acancer of a cell or tissue, or organism, apoptosis, cell
death, cell eycle, cell or tissue differentiation, tumorigenesis,
discase state, drug resistance, drug efficacy, antibiotic spec-
trum, drug toxicity, gas level, SO_, NO, Alzheimers disease,
infection, presence of viruses, viral infection, bacterial
infection, HIV infection, AIDS, serum cholesterol, CHDL
level, DL, serum triglyceride level, blood glucose level,
ion or gas production or internalization, cytokine receptor
expression, antibody-antigen interactions, pregnancy, fertil-
ity, fecundity, presence or absence of narcotics or other
controlled substances, heart attack, presence or absence of
steroids, body temperature, presence of sound waves, taste,
scent, food composition, beverage composition, and an
environmentally monitored condition.

99. The method of claim 73 or 74, wherein the first,
second, test or calibrating stimulus are contacted to a plu-
rality of library members in a microtiter plate.
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100. The method of claim 73 or 74, wherein the first,
second, test or calibrating stimulus are contacted to a plu-
rality of library members fixed on a solid substrate.

101. The method of claim 73 or 74, wherein the first,
second, test or calibrating stimulus are contacted to a plu-
rality of library members, or expression products thereof,
fixed on a solid substrate, wherein the solid substrate com-
prises a Nickel-NTA coated surface, a silane-treated surface,
a pegylated surface, or a treated surface.

102. The method of claim 73 or 74, wherein the biopoly-
mer library members or expression products thereof are
fixed to an organizational matrix in spatially addressable
locations.

103. The method of claim 73 or 74, wherein the first,
second, test or calibrating stimulus are contacted to a plu-
rality of biopolymer library members, wherein member
types are fixed on the surface of one or more beads.

104. The method of claim 103, wherein the one or more
beads each comprise more than one detectable feature.

105. The method of claim 104, wherein the more than one
detectable feature includes a first feature which identifies
binding by the first, second, test or calibrating stimulus and
a second feature which identifies either the type of bead or
the type of library member or expression product thereof
which is bound to the bead.

106. The method of claim 73 or 74, wherein the first
stimulus, the second stimulus, the calibrating stimulus or the
test stimulus, is selected from the group consisting of: light,
radiation, an atom, an ion, and a molecule.

107. The method of claim 73 or 74, wherein the first,
second, test or calibrating stimulus comprises, hybridizes to,
binds, acts upon or is acted upon by one or more of:
radiation, a polymer, a chemical moiety, a biopolymer, a
nucleic acid, an RNA, a DNA, a protein, a ligand, an
enzyme, a chemo-specific enzyme, a regio-specific enzyme,
a stereo-specific enzyme, a nuclease, a restriction enzyme,
an restriction enzyme which recognizes a triplet repeat, a
restriction enzyme that recognizes DNA superstructure, a
restriction enzyme with an 8 base recognition sequence, an
enzyme substrate, a regio-specific enzyme substrate, a ste-
reo-specific enzyme substrate, a ligase, a thermostable
ligase, a polymerase, a thermostable polymerase, a co-
factor, a lipase, a protease, a glycosidase, a toxin, a con-
taminant, a metal, a heavy metal, an immunogen, an anti-
body, a disease marker, a cell, a tumor cell, a tissue-type,
cerebro-spinal fluid, a cytokine, a receptor, a chemical agent,
a biological agent, a fragrance, a pheromone, a hormone, an
olfactory protein, a metabolite, a molecular camera protein,
arod protein, a cone protein, a light-sensitive protein, a lipid,
a pegylated material, an adhesion amplifier, a drug, a poten-
tial drug, a lead compound, a protein allele, an oxidase, a
reductase, or a catalyst.

108. The method of claim 73 or 74, wherein the first,
second, test or calibrating stimulus are contacted to the
members of the library by incubating a solution comprising
the test molecule or the calibrating molecule with the library
members.

109. The method of claim 108, wherein the solution is a
fluid, a polymer solution or a gel.

110. The method of claim 73 or 74, wherein comparison
of the test array pattern and the calibrating array pattern, or
of the first resulting response of the array and the second
resulting response of the array, is performed by a computer.
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111. The method of claim 73 or 74, wherein a plurality of
first, second, test or calibrating stimuli are contacted to the
array to produce a plurality of resulting array patterns.

112. The method of claim 111, further comprising record-
ing the plurality of resulting array patterns in one or more
databases.

113. The method of claim 112, further comprising assign-
ing a bar code to each resulting array pattern.

114. The method of claim 73 or 74, wherein the test array
pattern, the calibrating array pattern, the first resulting
response of the array, or the second resulting response of the
array, comprises variations in the presence or absence of
signal at different locations on or in the array.

115. The method of claim 73 or 74, wherein the test array
pattern, the calibrating array pattern, the first resulting
response of the array, or the second resulting response of the
array comprises variations in the level of signal at different
locations on the array.

116. The method of claim 73 or 74, wherein the test array
pattern, the calibrating array pattern, the first resulting
response of the array, or the second resulting response of the
array comprises variations in the presence and intensity of
signal at different locations on the array.

117. The method of claim 73 or 74, wherein an intensity
of the test array pattern, the calibrating array pattern, the first
resulting response of the array, or the second resulting
response of the array comprises is measured to quantify the
first, second, test or calibrating stimulus.

118. The method of claim 73 or 74, wherein the test array
pattern, the calibrating array pattern, the first resulting
response of the array, or the second resulting response of the
array comprises one or more fluorophore emission, photon
emission, chemiluminescent emission, coupled luminescent/
fluorescent emission or quenching, or detection of one or
more fluorophore emission.

119. The method of claim 73 or 74, wherein the test array
pattern, the calibrating array pattern, the first resulting
response of the array, or the second resulting response of the
array comprises an electorchemally detectable signal, an
amperometrically detectable signal, a potentiometrically
detectable signal, a signal detectable as a change in pH, a
signal based on specific ion levels, a signal based on changes
in conductivity, a pizoelectric signal, a change in resonance
frequency, a signal detectable as surface accoustic waves, or
a signal detectable by quartz crystal microbalances.

120. The method of claim 118, wherein the test array
pattern, the calibrating array pattern, the first resulting
response of the array or the second resulting response of the
array comprises multiple wavelengths of light.

121. The method of claim 118, wherein the test array
pattern, the calibrating array pattern, the first resulting
response of the array or the second resulting response of the
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array is generated by detection of one or more of: light,
H,0,, glucose oxidase, NADP, NADPH*, NAD(P)H reduc-
tase, a change in reduction potential, a change in protein
conformation, a change in intrinsic fluorescence, fluores-
cence, luminescence, FRET, absorbtion, surface plasmon
resonance, antigen binding, antibody binding, enzyme activ-
ity, opening of an ion channel, or label binding.

122. The method of claim 73 or 74, wherein at least one
member of the biopolymer library, or an expression product
thereof, is selected, prior to the arraying step, for one or
more of: enhanced stability, orientation of protein binding,
improved production, cost of manufacture, optimal activity
of expressed members which comprise a tag, overexpression
mutations, optimized protein folding, permanent enzyme
secretion, improved operators, improved ribosome binding
sites, avidity, selectivity, production of a detectable side
product, and detection limit.

123. The method of claim 73 or 74, wherein the test array
pattern, the calibrating array pattern, the first resulting
response of the array or the second resulting response of the
array are detected by one or more of: a microscope, a CCD,
a phototube, a photodiode, an LCD, a scintillation counter,
film, or visual inspection.

124. The method of claim 73 or 74, wherein the test array
pattern, the calibrating array pattern, the first resulting
response of the array or the second resulting response of the
array are digitized and stored in one or more database in one
OI More computer.

125. The biopolymer array produced by the method of
claim 73 or 74.

126. The biopolymer array of claim 125, wherein the
array is stable for at least one year under pre-selected storage
conditions.

127. A computer comprising a data set corresponding to
the labeling biopolymer sensor array pattern or test biopoly-
mer sensor array pattern of claim 73 or 74.

128. The method of claim 73 or 74, further comprising
contacting at least one additional stimulus to the array, and
comparing a resulting additional test stimulus array pattern
to the calibrating array pattern, thereby identifying the at
least one additional stimulus, or observing an additional
resulting response of the array, or collecting an additional
product resulting from contact between the array and the
additional or a previous stimulus, and optionally comparing
the additional resulting response to any one or more previ-
ous responses of the array.

129. The method of claim 128, comprising contacting the
array with two or more additional stimuli.

130. The method of claim 129, comprising contacting 10
or more additional stimuli to the array.
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